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SUMMARY 
The estimation of the compressibility of normally and 
overconsolidated granular soils was the main aim of the research. A 
model screw plate instrument was designed and developed and various 
plate geometries and plate advancement mechanisms were studied with 
a view to _assessing soil disturbance during installation. 
Screw plate loading tests were conducted by means of a plate 50 mm 
in diameter 3 mrn thick and 5 mrn pitch. All the tests were conducted 
in a calibration chamber under stress controlled condittons on 
normally and overconsolidated saturated Leighton Buzzard sand along 
Ko and isotropic stress paths. 
Stress path triaxial tests were performed on normally and 
overconsolidated sand specimens. ' The stress-strain responses 
observed from such tests were compared with the pressure-settlement 
curves obtained from screw plate tests. 
The CRISP Finite Element Program was utilised to model the embedded 
plate and the chamber. Stress distributions and induced settlements 
beneath the plate were studied. Finally the effect of plate 
rigidity on the distribution of stresses was investigated and the 
validity of dimensions of the calibration chamber for the purpose of 
screw plate testing was proven. 
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1 .o INTROIXJcrrON 
1.1 GENERAL 
A common problem facing geotechnical engineers is the prediction of 
behaviour of granular soils under applied loading. Because of the 
difficulties associated with soil sampling and laboratory testing, 
in most instances field testing is the only viable procedure for 
determining the engineering properties of granular materials. 
It has not yet been possible to obtain undisturbed samples of 
non-cohesive materials without resorting to special techniques such 
as freezing the ground. Even if reasonable samples could be 
obtained in which the soil structure, water content and void ratio 
remained unaltered, such samples would not normally be sui table for 
compressibility testing. Tbtal stress relief on granular soils 
leads to large reductions in effective stresses and the 
compressibility properties of such soils tend to be highly dependent 
on stress history and current stress level. Therefore, the use of 
an in-situ test may provide the best means of obtaining engineering 
design parameters for granular soils. 
The screw plate test is a variation of the conventional plate load 
test which has been used for the in-situ measurement of geotechnical 
parameters of cohesive and cohesionless soils. The plate consists 
of a single flight auger which is screwed down from the surface or 
the bottom of a borehole to the test depth. In the case of a 
conventional plate load test, stress relief occurs for deep 
excavations and also, in situations with a high water table, the 
test procedure becomes expensive and difficult. Screw plate tests 
may provide a method to overcame these problems. 
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1 • 2 AIMS AND OBJECriVES OF THE PRESENT ｾ＠
The present investigation is a contribution towards a better 
understanding of the pressure-settlement relationship obtained from 
the screw plate testing of cohesionless soils. 
Clayton et al (1985), showed that compressibility of 
overoonsolidated granular soil under a foundation cannot be 
calculated from penetration test results with a reasonable and 
acceptable accuracy as the compressibility of sand is strongly 
dependent on its previous stress history and is relatively 
unaffected by its current stress level, whereas dynamic penetration 
resistance is strongly influenced by current stress level and is 
unaffected by stress path. 
It may be that screw plate test can be used as a means of detecting 
the influence of overconsolidation on the compressibility of 
overconsolidated granular soils. This has been tested in three 
ways. Firstly, by developing a model screw plate instrument in 
order to investigate the factors that could cause soil disturbance 
during the installation of the plate prior to performing plate 
loading test. Secondly, by conducting a series of stress path tests 
in order to establish the stress path adopted by the strained soil 
elements under the plate which may dictate the compressibility 
behaviour of granular soils. Finally, by performing finite element 
analyses in order to examine the possible stress-states that may 
ｾｩｳｴ＠ around an embedded plate. 
1 • 3 THESIS LAYCXJr 
A review of the use of screw plate tests in granular and cohesive 
soils is given in .Chapter 2. The review mainly considers the 
previous developnents of the instruments and interpretation of the 
results. 
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Chapter 3 presents the techniques used for the investigation, the 
design and development of the screw plates, _ the installation system 
and the testing procedure for conducting screw plate tests in the 
calibration chamber. 
Chapter 4 describes the results of screw plate tests and this is 
followed by a chapter on the stress path testing programme and 
explains the procedure used to conduct stress path tests using an 
automated system. 
Chapter 6 concentrates on the finite element study. The results of 
analyses of an embedded plate and brief discussions are also 
presented wherever appropriate. 
The results of the laboratory tests and the numerical study are 
discussed in Chapter 7. The results of screw plate penetration 
tests and factors that may influence the interpretation of the test 
results are discussed first. This is then followed by a discussion 
on the results of the laboratory tests and in the light of the screw 
plate test results, the influence of overconsolidation on 
compressibility is discussed. 
Finally, Olapter 8 presents the conclusions of the research and 
includes general recommendations for further work. 
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2.0 A RE.VIEW OF SQmq PlATE ｾ＠
The screw plate test was developed in Norway in the early 1950's. 
The test has been conducted in a wide range of soil types for the 
purpose of measuring drained and undrained soil parameters. The 
configuration of the plate and the installation system have been 
mcrlified considerably during the past 35 years. 
Bj errum developed a screw plate test in the 1950's, but no 
publication of the instrument was made; it seems that the only 
written material concerning Bjerrum's tests were the notes of two 
lectures given at M.I.T. in 1962 (Gould, 1967). KUl111le!leje 
(1954) first used the screw plate test to predict settlements of an 
oil tank on loosely deposited sand and later ｋｵｭｭｾ･ｪ･＠ and Eide 
(1961) utilized the plate to detect changes in soil porosity and 
predict induced settlement associated with soil densification by 
blasting. In the United States, Gould ( 1 967) presented a 
favourable comparison between screw plate tests and large plate 
bearing tests in granular deposits, while in South Africa, ｾｶ･｢｢＠
(1969) carried out screw plate tests in a fine -medium saturated 
dense granular deposit and produced a correlation for standard 
penetration and deep sounding tests. Schmertmarm ( 1 969, 1 970) 
also carried out a series of load tests in a very loose sand, in 
Florida, in order to evaluate vertical compressibility 
characteristics. He proposed a method of predicting settlement by 
ｭｾｳ＠ of the cone penetration test and employed the screw plate test 
to assess the in-situ deformability of cohesionless soils. 
Janbu and Senneset (1973) first introduced details of the N.G.I. 
screw plate instrument in 1973. They termed the instnunent a 
"field ccmpressaneter" and presented a method of analysing the test 
data in order to evaluate soil compressibility parameters. 
Dahlberg (1974) later utilized the N.G.I. instrument to predict 
the preconsolidation pressure of a natural sand deposit. Schwab 
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and Brems (1977) examined the pressure-settlement-time relationships 
of soft clays while Berg and Olssen ( 1978) ｾｳｵｲ･､＠ the strength and 
deformation characteristics of Gothenberg clay under static and 
repeated loadings. 
By the late 1970's, the concept of screw plate testing was well 
established as a research tool and modifications to the instrument 
were being studied by other researchers. Sel vadurai and Nicholas 
( 1 979) carried out a canprehensi ve work on the theoretical 
assessment of the screw plate, and measured undrained modulus and 
shear strength of soft clays by utilizing the instrument (Selvadurai 
et al, 1 980) • In Australia Kay and Mitchell ( 1 980) extended the use 
of screw plate testing to measure the properties of stiff clays with 
their "down hole plate load test", whereby the screw plate was 
advanced fran the base of a borehole. Kay and Avalle ( 1982) and Kay 
and Parry (1982) further refined the instrument and continued using 
it in stiff clays. campanella et al (1984) conducted tests with a 
double flighted pitch screw plate and compared deformation 
parameters obtained from the test with those fran other insitu and 
laboratory tests for cohesive and non-cohesive soils. 
Further field studies of screw plate testing of clay deposits are 
reported by Epps ( 1 984 ) arrl Powell and Quartennann ( 1 986) • Epps 
measured the soil parameters of stiff London Clay, while Powell and 
Quartermann used the screw plate test to measure the bearing 
capacity of stiff clay and compared the results with large diameter 
borehole plate tests. Finally Smith ( 1987) utilized the screw plate 
instrument to measure the static and dynamic properties of 
medium-dense sands and clayey sands. He also used the plate to 
predict the settlement of an embankment constructed over the 
estuarine "muds". 
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2. 2 PLATE GEn1EIRY 
The type of screw plate used in a number of countries varies in 
configuration considerably. The screw plate consists of a single 
or double flighted pitch of diameter in the range of less than 1 OOiml 
to over 400mn. It is generally accepted that the design of a screw 
plate should incorporate a number of geometric criteria in order to 
increase the accuracy of the test by reducing soil disturbance 
during installation. 
These criteria are: 
(1) Ratio of plate pitch to plate diameter 
(2) Ratio of plate thickness to plate diameter 
( 3) Ratio of loading shaft diameter to plate diameter. 
Table 2.1 sununarizes the configuration of the plates that have been 
developed and used by various engineers. 
Various pitch to diameter ratios have been suggested in order to 
minimize soil disturbance during installation. The pitch to 
diameter ratios suggested by Schmertmann (1970) and Selvadurai 
(1980) were 0.2 and 0.25 respectively. The screw plate designed by 
Janbu and Senneset (1973) had a higher pitch/diameter ratio of 0.28. 
A more recent developnent in the design of campanella' s screw plate 
( 1984) were double flighted plates of 180rrm and 360mm in diameter in 
sand and clay respectively. This type of plate has been reported to 
｣ｾｵｳ･＠ less soil disturbance during installation (see Section 2.3). 
The rigidity of a screw plate can affect the validity of test 
results. For example, an increase in flexibility of the plate 
results in an under-estimation of deformation modulus of stiff soils 
and it could also-lead to deformation, buckling or bending of the 
plate itself (Campanella, 1984). Ideally the plate is required to 
be of minimal thickness and completely rigid. Schmertmann (1970) 
suggested that in order to reduce soil disturbance, the plate 
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Instrument 
N.G.I. 
Univ. of 
Florida 
Australia 
Carleton 
University 
Univ. of 
British 
Co 1 umb i a 
Users Year Plate Oia. 
(mm) 
Kummeneje 1954 252 
Kumneneje & 1961 252 
Eide 
Serle 1968 
Webb 1969 152, 
381 
Janbu & 1973 160 
Senneset 
Dahlberg 1974 160 
Schwab & 1977 160, 
Broms 
Berg & 1978 150 
Olsssn 
A as 1983 
Gould 1969 344 
Schmertmann 1970 344 
Kay & 1980 88 
Mitchell 
Kay & Avalle 1982 100 
Kay & Parry 1982 100 
Epps 1984 
Powell & 1986 100 
Quartermann 
Smith 1987 125, 
Selvadurai & 1979, 280 
Nicholas 1982 
Selvadurai 350 
et al 
Campanella 1984 180 
360 
P = pitch of the plate 
T = thickness of the plate 
R = radius of the plate 
0 = loading shaft diameter 
229, 
300 
300 
Table 2.1 GEOMETRY OE VARIOUS SCREW PLATES 
7 
P/2R T/2R 0/2R 
0.2 0.038 0.126 
. 0.2 0.038 0.126 
- - -
- - -
0.28 - 0.33 
0.28 - 0.33 
0.28 
-
0.33 
0.28 
-
0.33 
0.2 0.025 0.102 
0.2 0.025 0.102 
0.2 - -
0.2 -
0.2 -
-
-
0.2, 0.04 0.125 
0.167 
0.25 0.04 0.125 
-
0.04 0.125 
- -
0.248 
- -
0.124 
thickness can be reduced frcm root to edge so that the root 
thickness is 1 I 4 of the plate diameter and . 2. 5 times the edge 
thickness (for a plate 344mm in diameter, using the above geanetry, 
he reported adequate rigidity was achieved up to an average plate 
contact pressure of 780 kPa). 
The stress distribution and consequently the central settlement of 
a screw plate can be different, depending on the relative stiffness 
ratio of soil to the plate. A theoretical approach based purely on 
an elastic soil has been developed by Selvadurai and Nicholas 
( 1979), in order to study the influence of plate rigidity in 
calculating undrained deformation modulus (Equation 2.1). 
tS 
Pa/E 
n(3 - 4v)(l + v)(l44 - 60ea 2 + 90R) 
= 
In which: 
16(1 - v){64 + 90R) 
6 plate deflection 
P average plate stress 
a plate radius 
E deformation modulus of the soil 
v Poisson's ratio for soil 
ea : radius of the loading roo beyond the plate 
R is defined as "relative rigidity of plate" and is equal to: 
R = n(3 - 4v)(l + v) Ｎｾ＠ (h/a} 3 
12(1 - vp)(l - v) E 
where: h : plate thickness 
vp: Poisson's ratio for plate 
ｅｾ］＠ deformation modulus for plate. 
. • . . 2.1 
• • • . 2. 2 
Campanella et al (1984) reworked the above relationship (Equation 
2.1) and showed that the undrained defo:nnation mcrlulus measured in a 
rigid screw plate test will be 1.5 times that measured during a 
flexible screw plate test. 
8 
where: 
Es = BEf (2.3) 
Es modulus of deformation measured from a stiff plate 
Ef modulus of deformation measured from a flexible plate 
B stiffness correction factor 
B = 1.5 for flexible plate 
B = 1.0 for rigid plate 
However, the above mentioned relationship is based purely on 
elastic soil. The effects of plastic deformation and volume change 
due to shear as observed in granular soils have not been considered. 
Consequently the stiffness correction factor could be significantly 
higher. 
The ratio of the loading shaft diameter to the diameter of the plate 
is also a design parameter for consideration. Ideally the loading 
shaft needs to be of minimal diameter, but the need to transmit the 
torque required to advance the plate prevents this idealization. 
The greater the shaft diameter, the greater will be the penetration 
resistance of the plate and the larger is the volume of displaced 
soil. 
shaft, 
Consequently a compromise must be found for the size of the 
in order to be able to take the applied installation torque 
and to minimize frictional forces acting along the loading shaft. 
Upon application of load to the plate, adhesion or frictional 
forces acting along the loading shaft can restrict movement of the 
plate downwards and consequently introduce errors in the-calculated 
soil parameters. Powell and Quartennann ( 1 986) experienced some 
friction in a series of tests in stiff clay. This friction was 
reported to be due to soil adhering to the shaft behind the plate 
and the recorded value was as high as 300 kPa in the weathered 
clay and 80 - 1 00 kPa in the unweathered clay. 
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2. 3 PLATE INSERTICN 
During the past twenty-five years, the screw plate instrument has 
become more compact. Recent methcds of installation have been 
intrcduced so as to be able to advance the plate fran the bottan of 
a predrilled borehole. In general, there have been two schools of 
thought on the methcd of advancing the plate into the ground. 
( 1 ) Free advancement of the plate 
( 2) Controlled advancement of the plate 
Since the mid 1 950 's the plate was allor.ved to advance by pulling 
itself downwards (free advancement of the plate) and this methcd of 
advancement had been used by most soil engineers (Kurrmeneje, 1954; 
Kummeneje and Eide, 1961; Berle, 1968; Webb, 1969; Gould, 
1969; Schmertmann, 1970; Janbu and Senneset, 1973; Dahlberg, 
1 97 4 ; Schwab and Brans, 1 977; Berg and Olsson, 1 978; Sel vadurai 
et al, 1 982; Aas, 1 983 and Camp:mella, 1 984) . The concept of 
controlled advancement, by means of intrcducing a scre\'1 red whose 
pitch was precisely the same as that of the plate was introduced by 
Kay and Mitchell (1980). By utilizing this methcrl of advancement, 
the screw plate is believed to cause less churning disturbance of 
the soil below the plate and the axial distortion of undisturbed 
soil is hopefully minimized during advancement of the plate. But 
it can also be argued that by forcing the plate into the soil in 
this manner, it is possible to preload the soil underneath and 
hence alter the soil compressibility characteristics. 
Both the University of Florida and N.G.I. instnunents used a 
reaction beam and anchorage system to react against the applied load 
(Schmertmann, (1970); Janbu and Senneset, (1973)). The N.G.I. 
instrument comprised a cast iron screw plate which was connected to 
an hydraulic jack that was fixed to two systems of pipes which 
formed the connecting string to the surface. Both the external 
forces during installation and the reaction forces during load 
10 
testing were transmitted to an outer pipe system connected to the 
jack. In stiff soils the torsional forces required at depth to 
advance the plate can be very high, hence during installation, in 
order for the instrument to be able to take these forces, the outer 
and inner pipes were f·irmly cormected and at test depth this 
connection was released. 
Sel vadurai et al ( 1980) replaced the conventional beam and anchorage 
reaction system with a tri};X'Xl type frame that was supported by three 
reaction anchors which allooed a greater distribution of the 
anchoring loads and hence prevented its interaction with the test 
region. 
Kay' s instrument ( 1982) was able to perform both load and 
displacement controlled tests from the bottom of a predrilled 
borehole. Owing to the thermal exp:msion of the loading column, 
large temperature variations can affect the consistancy of results 
considerably (i.e. the temperature at the plate in the ground 
remains relatively constant but the surface air temperature change 
can be significant). 'Ib overcane this he used a nickel cobalt 
alloy rod of low thermal exp:msion characteristics that rested on 
the screw plate which passed through the inside of the loading 
shaft. This mcrlification to his instrument minimized any errors in 
the measurement of plate settlement caused by thermal exp:msion of 
the loading shaft. 
As mentioned previously, the torsional forces required to advance 
tJ:e plate can be considerable. The greater the diameter of the 
plate, the larger is the volume of displaced soil, and 
consequently the torsional force required to advance the screw plate 
will be higher. However, Campanella et al ( 1 984) reported the 
unlikely finding that the plate size of a single flighted plate has 
a minimal effect on the total torgue required during installation in 
most soils. In dense sand they observed that the total 
installation torque required was of such a magnitude that the 
capacity of the system may be reached and cyclic torsional loads 
11 
were applied in order to advance the plate. '!his manner of 
advancement can cause considerable soil disturbance. 
Campanella et al ( 1984) also reported that the double flighted plate 
caused less soil disturbance than a single flighted one, whilst a 
double flighted plate tended to wander less and was self-centering 
during installation and also allowed symmetrical loading of the 
plate. During installation of a single flighted plate the wandering 
phenomenon was rep::>rted to be most likely due to the tendency of 
the plate to rotate about a point located on the cutting edge, 
rather than the central conical tip and the eccentricity of the 
centre of rotation increased the total torsional force required to 
install the plate. Consequently, to overcane this, the conical tip 
had to be quite large which led the zone of disturbance below the 
plate to be increased considerably. When screw plate tests were 
carried out in sensitive clay, Campanella observed that the driving 
shaft was rotating slightly during the application of load, which 
led to a reduction in attained plate stress, but when he clamped the 
drive shaft, the peak load was again achieved. A p::>ssible 
explanation given for this behaviour was that the frictional 
resistance of the thoroughly remoulded soil in contact with the 
plate was negligible. Hence, because of the plate's screw pitch, 
the plate tended to rotate during loading and this led to a 
reduction in measured strength and defonnation. 
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2. 4 E.VALUATION OF SrnEW PlATE TFSl' RESULTS 
The results from screw plate tests have been analysed to evaluate 
the drained and undrained soil parameters. Analytical techniques 
that have been developed are summarized in the following sections. 
2. 4. 1 DRAINED M)OOLUS 
The drained analysis of the screw plate test assumes that the 
induced settlement due to consolidation occurs during the test. 
This is achieved by carrying' out a maintained load test, rather 
than a displacement controlled test. Incremental loads are applied 
with sufficient time allowed between each load step to allow pore 
pressure dissipation. 
Janbu (1967) studied compression moduli for individual soil types 
and demonstrated that the modulus generally depends on the effective 
stress hence: 
M = f(o'} (2.4) 
However, the function f ( a' ) is generally different for each soil 
type. · He performed oedameter and triaxial tests with zero lateral 
strain for various types of soil and he described his ･ｸｰ･ｲｾｴ｡ｬ＠
findings in such a way that f(o') may be given in a mathematical 
form as a function of stress level ( 0 ') and a stress exponent (a), 
whereby: 
in which: 
1-a 
Mo: constrained tangent modulus 
m : dimensionless modulus number 
aa: reference stress = 100 kPa 
a•: vertical effective stress 
a : stress exponent 
13 
(2.5) 
'Ibe reference stress (oQ) was intrcx:luced solely for the purpose of 
obtaining a ､ｾｩｯｮ｡ｬｬｹ＠ correct expression. From his 
experimental results, the mcrlulus ntunber, m, for sand was fourrl 
to vary tetween al:out 60 - 400 deperrling on the porosity, while the 
corresp:>nding stress exponent varied between 0. 3 - 0. 7. 
Based on the above investigation, a theoretical solution for the 
settlement of a circular plate placed at an arbitary depth below the 
ground level was developed and reported by Janb.J and Senneset 
(1973). 
Since 
Mo = do' 
dt (2.6) 
the settlement of the plate can be evaluated by integrating the 
above equation, to give 
(2.7) 
where: o : settlement 
t: strain at depth z 
do•: vertical effective stress increase at that depth 
Janbu's integration of the above equation yielded to the 
relationship 
(2.8) 
' I 
in which: Qn : q - ov • o = net contact pressure below the plate 
B plate diameter 
oa: reference pressure (100 kPa) 
S dimensionless settlement number 
m rocdulus number 
14 
The relationship between the modulus of deformation Mo and the 
modulus number rn for a particular stress ｬｾｶ･ｬ Ｎ ｩｳ＠ obtained from 
equation 2. 5 and solutions have been derived for the following three 
special cases as shown in Fig 2. 1 , whereby: 
a = 1 • 0 (constant rncrlulus) 
a = 0.5 (square root modulus) 
a = 0.0 (linear modulus) 
where a is the stress exponent. 
The pressure-settlement curve shown in Fig 2.2 refers to a screw 
plate test performed by Janbu and Senneset (1973) in a dense sand at 
' I 14m depth. The effect1.ve overburden pressure ( av0 ) was 140 kPa. It 
is possible to calculate the modulus number (rn), which satisfies 
equation ( 2. 8) at a particular net contact pressure ( qn) as shown 
in Fig 2.2. The settlement nUJl!ber S can then be detennined from 
Fig 2. 1 fran the intersection of av0 and qn. 
Schrnertrnarm ( 1 970) presented a method of calculating the settlement 
of foundations on granular soils. An influence factor, lz was 
introduced based upon the vertical strain computation of Ahlvin and 
Ulery ( 1 962 ) , whereby: 
in which: 
Ez = £{1 + v)((l- 2v)A + F] 
E 
Ez: vertical strain at depth 
(2.9) 
p vertical stress on a circular plate of radius r 
E : deformation modulus 
ｾ＠ Poisson's ratio 
A and F dimensionless factors 
Assuming p and E are constant, the vertical strain E:z depends on an 
influence factor lz. 
hence: 
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Fig. 2.1 Settlement number, S, as a function of effective · 
overburden o'vo and net load qn for various soil 
moduli M0 (After Janbu and Senneset, 1973) 
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Fig. 2.2 Evaluation of the modulus number (m) from a screw-plate 
test in a dense normally consolidated sand (After Janbu 
and Senneset, 1973) 
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lz = (1 + v)((l- 2v)A + F] (2.10) 
Figure 2.3 represents the distribution of the influence factor Iz 
with depth. Correction factors were also intrcx:1uced in the 
Schmertmann equation so as to take into account the foundation 
embedment, and settlement due to creep, whereby: 
in which: 
and 
where: 
C1 = 1 - ｏＮｓＨｐｯＯｾｰＩ＠
cl: embedment correction factor 
Po: initial vertical pressure 
Ap: net foundation pressure increase 
C2 = 1 + 0.21og(tyr/O.l) 
C2 = correction factor 
tyr= time (years) at which settlement is to be 
calculated 
for rapid loading such as that of screw plate test in sand, 
c2 = 1 .o. 
(2.11) 
(2.12) 
The settlement equation suggested by Schmertmann, incorporating the 
above mentioned correction factor is in the form of: 
ｾ＠ 28 28 6 
= Jczdz a bp J (lz/Es)dz a CIC26P I (lz/Es)bz 
0 0 0 
(2.13) 
in which Es is the equivalent Young's modulus for granular soils in 
compression. 
By assuming a constant mcxjulus within the test region below the 
plate, and putting C2 = 1, the above equation can be simplified so 
as to determine the Es value. 
(2.14) 
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Fig. 2.3 Simplified distribution of vertical strain beneath loaded circular 
area (After Schmertmann, 1970) 
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Data obtained from a screw plate test can ｾ＠ used to back-calculate 
the equivalent deformation modulus from Equation 2.14 for the stress 
range required by assuming a tangent or secant to the 
load-deformation curve· (Schmertrnann reccmnended that the deformation 
mcrlulus be detennined over a stress range of 1 00 - 300 kPa) • 
2. 4. 2 UNDRAINED DEFORMATIOO MJOOLUS 
Selvadurai and Nicholas (1979) carried out a series of theoretical 
assessments, in order to study the mechanics of screw plate testing 
and hence to obtain a general solution to detennine undrained 
compressibility parameters of cohesive soils in an homogeneous, 
isotropic elastic medium. 
The theoretical problem concerning the mechanism of the screw plate 
testing was fonnulated as a problem in the classical theory of 
elasticity where a circular plate, which is embedded in a 
homogeneous isotropic elastic medium, and is subjected to an axial 
symnetric load. In such a theoretical solution, the effect of the 
rigidity of the test plate, the soil plate interface and the soil 
disturbance was taken into account. Fig 2. 4 shows their mcx:lels and 
Eq 2. 1 4 represents the numerical solution which is represented in a 
general format. 
where: 
6 
Pa/Eu 
= ). 
6 plate settlement 
P average stress on plate 
a radius of plate 
Eu undrained deformation modulus 
). modulus factor 
(2.15) 
Table 2.2 presents a sunmary of the mcrlulus factor ). that is 
applicable to the interpretation of the deformation modulus from 
screw plate tests conducted in cohesive soils for v = 0.5. 
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Fig. · 2.4 Theoretical elastic models for evaluation of undrained 
deformation modulus (After Selvadurai and ｎｩ｣ｨｯｬ｡ｳｾ＠ 1979) 
21 
Model A Remarks 
(a) 0.750 Displacement at the centre of uniform flexible circular plate 
(a) 0.478 Displacement at the edge of uniform flexible circular plate 
(a) 0.630 Average displacement over the circular plate 
(b) 0.589 Displacement of a fully bonded rigid circular plate 
(c) 0.750 Displacement of a smoothly embedded partially separated 
circular plate 
(d) 0.750 Displacement of a bonded partially separated rigid circular 
plate 
(e) 0.589 log R = 2, Ea = 0.25 Displacement of a bonded thin flexible 
0.648 log R = 1, Ea = 0.25 
0.883 log R = 0, Ea = 0.25 
plate 
II 
II 
(f) 0.585 Displacement of a rigid spheroidal region in bonded contact 
(g) 0.813 Central deflection of a deep borehole subjected to uniform 
load 
0.730 Average deflection of a deep borehole subjected to uniform 
load 
(h) 0.525 Displacement of a rigid plate at a base of a deep borehole 
R : Relative rigidity of the soil-plate system 
ｅｾ＠ Radius of the circular area over which the axial load is applied 
Table 2.2 SUMMARY OF MODULUS FACTOR A (After Selvadurai and Nicholas, 1979) 
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In general: 
6 = 0.6 - 0.75 
Pa/Eu (2.16} 
The settlement time relationship of soft clay and silt has been 
studied in Sweden using the screw plate equipment. A general 
mathematical relationship between pressure - settlement and time was 
developed based on the test results (Schwab and Brans, 1 977 ) • 
Schwab and Broms suggested two equations that represented the effect 
of time on the pressure - settlement relationship for instantaneous 
and incremental load application. 
(1) Constant pressure screw plate test: 
in which: s rate of settlement 
6 settlement at time t 
t time after load application 
t 1 : unit time e.g. 1 minute 
q : stress level 
q; : unit stress level 
qult: ultimate stress level 
q': q/qult 
(2.17) 
I : intercept of straight line relationship between 
log s - log q', for tmit time t at unit stress 
level, q' (i.e. the average rate of settlement at 
unit stress level after unit time after load 
application 
i . slope of linear portion of log s - log q' 
relationship 
a absolute value of the slope of straight line 
relationship between log s and log t. 
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(2) Incremental pressure screw plate test: . 
whereby: I1 intercept of the I - log t relationship at time 
T = 1 minute 
g absolute value of slope of the I - log t 
relationship 
Tt time interval between the load increments 
T1 reference time interval between load increments (1 
minute) 
i1 : slope of the log s - log q' relationship at 1 
minute intervals between the load increments (the 
intercept of the i - log t relationship at 
T = 1 minute 
R slope of the i - log t relationship. 
The parameters in the mentioned equations can be evaluated fran 
b"o screw plate tests with different time intervals between the load 
increments or from two constant pressure tests at different stress 
levels. 
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2. 4. 3 CDEFFICIENI' OF <X>NSOLIDATIOO 
Janbu aoo Senneset ( 1973) presented a method whereby the coefficient 
of radial consolidation could be evaluated from the results of 
incremental load tests in cohesionless soils. Radial drainage was 
assumed to govern beneath a loaded screw plate. They used the 
basic relationship: 
where: C coefficient of consolidation 
d drainage path 
t time after load increase 
T dimensionless time factor 
(2.19) 
They suggested that by using the plot of settlement against square 
rcx::>t of time and the construction rnethcrl sha-m in Fig 2. 5, a 
coefficient of radial drainage could be determined from Equation 
2.20: 
in which: 
Cr = T90R2 = 0.335R 2 
tgo tgo 
Cr : coefficient of radial drainage 
T90 : ､ｾｳｩｯｮｬ･ｳｳ＠ time factor 
R drainage path = radius of plate 
t 90 : time for 90% consolidation 
(2.20) 
Kay and Avalle ( 1 982) proposed a methcx:1 of evaluating the vertical 
coefficient of consolidation CV from screw plate test results. The 
solution is based on isotropic consolidation rather than the 
assumption of Janbu and Senneset, whereby consolidation settlement 
is interpreted on· the basis that only radial drainage occurs. The 
proposed solution was based on the Biot solution and the finite 
difference method for an impermeable circular load (Davies and 
Poulos, 1972.) • 
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(After Janbu and Senneset, 1973) 
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Axial movement of the disc was assumed to produce positive excess 
pore water pressure on one side with negative excess pore water 
pressure on the other side; the distribution of pore water pressure 
would be identical except for sign. Dissipation of pore water 
pressure was associated with flow from one side of the system around 
the edge of the disc to the other. The major difference between 
the pore water pressure dissipation from a screw plate test and that 
of the idealised solution was thought to be that the cutting edge 
gap of the plate allowed faster dissipation of pore water pressure. 
On the other hand the presence of a borehole above the plate (as is 
the case with the Australian device) and the lack of bond at the top 
of the plate reduced the negative excess pore water pressure effect 
above the plate. 
Kay, from his experience with screw plate testing, noticed that 
the graph of settlement versus square root of time exhibited a 
reverse curvature which was not present in the theory of one 
dimensional consolidation, whereas this reverse curvature existed 
in Biot's solution and finite difference methods for uniform 
circular loading. It can be seen from Figure 2.6 that Kay and 
Avalle concluded that the use of this curve for interpretation of 
screw plate results was satisfactory. They suggested the following 
procedure to obtain the coefficient of consolidation from screw 
plate test data (Fig 2.7). 
(1) Extrapolate the reverse curvature portion of the ｳｾｴｴｬ･ｭ･ｮｴ＠
versus root time graph to intercept the settlement axis. This 
is the zero settlement. 
(2) Construct a line from zero settlement tangential to the consolidation 
curve. 
( 3) Construct a second line from zero settlement with flatter slope 
than the first, in the ratio of 1.28:1.0. This line intersects 
the consolidation curve at the 70% consolidation level. 
( 4) Extrapolate linearly fran 0% drained settlement derived from 
procedure ( 1 ) to obtain 1 00% consolidation. 
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Fig. 2.6 Diffusion curve fitted to field results (After Kay and Avalle, 1982) 
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( 5) calculate the coefficient of consolidation OJ from Equation 
2.21. 
Cv = 0.402 
( 2. 21 ) 
in which: t1o: time to 70% consolidation level 
D : drainage path equal to diameter of plate 
2. 4. 4 EVALUATION OF UNDRAINED SHEAR S'IRENGTH 
Using the classical equation of the bearing capacity, the undrained 
shear strength can be determined from screw plate test data, 
assuming there is no reduction in the vertical total stress level at 
the test section, unlike a borehole plate bearing test, 
whereby: 
in which: 
Cu = Pult 
Nc 
Cu : undrained shear strength 
Pult: ultimate average plate stress 
Nc : bearing capacity factor 
(2.22) 
Sel vadurai et al ( 1 980 ) reviewed classical theoretical and empirical 
solutions for determining undrained shear strength. Table 2.3 
summarises the values for Nc that may be utilised to 
estimate Cu. 
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Solution Nc Reference Remarks 
(a) 5.69 Shield (1955) Rigid circular punch on half-
space - smooth interface 
(b) 6.05 Eason & Shield (1960) Rigid circular punch on half-
(c) 
(d) 
(e) 
(f) 
9.00 Skempton (1951) 
9.34 Meyerhof (1951) 
10.97 Selvadurai & 
Szymanski (1980) 
11.35 Selvadurai & 
Szymanski (1980) 
space - rough interface 
Circular foundation at large 
depth - empirical 
Circular foundation at large 
depth - approx. solution -
rough interface 
Deeply embedded rigid 
circular plate - smooth 
interface 
Deeply embedded rigid 
circular plate - rough 
interface 
Table 2.3 Estimation of undrained shear strength (C ) from screw 
plate tests (After Selvadurai and Nicholas, 1979) 
The results by Shield (1955) and Eason and Shield (1960) are 
reported to be of limited interest in the estimation of 01 from the 
screw plate tests. These solutions were developed for the ideally 
plastic half space problems, disregarding the shear strength that 
can be mobilized in the upper half space region, the region located 
above the plane of the screw plate. A comparison of (a) and (b) 
with (c) - (f) from Table 2.3 indicates the significance of the 
contribution of the upper half space region to Pu 1 t. Consequently 
Selvadurai and Nicholas suggested the following bearing capacity 
factors for determining the undrained shear strength of a cohesive 
soil medium from the ultimate load derived from a screw plate test. 
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Nc = 9.0 for partial bonding of plate 
Nc = 11.35 for full bonding of plate. 
The ultimate average plate stress can be defined as the stress that 
causes settlement equal to some percentage of plate diameter, at 
which point failure can be considered to have occurred. Selvadurai 
and Nicholas (1980) adopted a modified load - settlement 
relationship in which the average stress was plotted to a log scale 
and the screw plate settlement was expressed as a percentage of the 
plate radius. A failure load was then defined as either a peak 
value of this plot or the pressure at which the slope of this curve 
changed abruptly. 
Due to the load limitation irny;:osed by their screw plate instrument, 
Kay and Parry ( 1982) proy;:osed a method by which the load -
settlement curve could be extrapolated to obtain the ultimate load. 
They assumed an exponential curve that passed through 1 • 5% and 2% of 
plate diameter deflection points. The general relationship for 
such an exponential curve was of the form: 
in which: 
Ｍｾ＠
o = Qu - ae 
Qu: ultimate plate 
0 deflection of 
C1 .: stress level 
a : constant 
(2.23) 
stress 
the plate 
By substituting 1 .5% and 2% deflection points in Eq 2.23 and solving 
the simultaneous equations to eliminate the constant a and 
simplifying the results, Equation 2.23 reduces to: 
in which: 
Qu = 2.54 oy- 1.54 ox 
ay plate stress at 2% deflection point 
ox plate stress at 1.5% deflection point 
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(2.24) 
This methcrl of predicting the ultimate stress was particularly used 
in stiff clays, where load limitations wit;h test apparatus may 
prevent the development of sufficient plate stress to cause failure. 
Finally, it should be noted that by using the bearing capa.city 
Equation 2.21 to evaluate the undrained shear strength fran screw 
plate test data, one does not consider strain rate effects, 
strength anisotropy and progressive failure. 
2. 5 CDMPARISON OF SrnEW PrATE TEST RESULTS WITH arHER INSI'IU AND 
I...AOCRAIDRY TESTS 
2. 5. 1 DRAINED MJDULUS 
Gould (1967) compared the results of plate bearing tests with screw 
plate tests in sand to a depth of about 2m. The compressibility 
values (i.e. settlement in inches per pressure in tons per square 
feet) fran screw plate tests were compared with the values obtained 
from the rigid surface plate test carried out in a pit. He termed 
the ratio of the screw plate compressibility values divided by the 
rigid plate compressibility values, the compressibility ratio. 
This ratio was found to be about 1 .0 to a depth of a.OOut 1m. 
However, at greater depths the compressibility ratio increased to 
about 1 • 7. Soil disturbance during the plate loading test, arrl 
plate geanetry were suggested to be the causes of the increase in 
compressibility ratio. 
Since the late 1 960 's interest has been shown in the validity of 
drained modulus obtained from screw plate tests. A number of 
correlations and comparisons have been developed between the screw 
plate test results and other insitu tests, such as pressuremeter, 
penetration and sounding tests. 
Webb ( 1 969) obtained two sets of correlations between the modulus of 
defonnation, E', detennined from screw plate tests and the number of 
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blow counts, N, fran penetration tests and the cone resistance, qc 
from deep soundings for sand and clayey ｾｳＮ＠
The correlation obtained between Il'Odulus of defonnation E' of the 
screw plate and the above mentioned insitu tests were as follows: 
fine - medium sand below G.W.T. 
E' = 5(N + 15) l 
E1 = 5/2(qc + 30) (2.25) 
E1 = (10/3)(N + 5)! 
clayey sand below G.W.T. 
E' = (5/3)(qc +15) (2.26) 
in which: E' 
R 
2Rp/O' : equivalent modulus of canpressibili ty 
radius of the plate 
p average intensity of loading 
ｾ＠ settlement of the plate 
However 1 he noted that due to uncertainties regarding stress 
distribution, stress history and overburden pressure that these 
relationships provide only a crude approach to settlement 
predictions. 
In the early 1970 1 s Schmerbnann ( 1970) also introduced a correlation 
between the penetration resistance of a static ｣ｯｾ＠ with that of 
the screw plate canpressibility parameter, E5 , in sand. This 
parameter was calculated by taking a secant slope over a pressure 
I;"ange of 1 00 - 300 kPa increment of plate loading 1 and by back 
calculating the modulus of deformation from Schmerbnann's equation. 
Figure 2.8 shows the reccmnended correlation between q and Es 
which was in the form of: 
(2.27) 
However, Clayton et al (1985) illustrated that the compressibility 
of granular soils under a foundation cannot be calculated by 
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penetration tests with a reasonable accuracy as the compressibility 
of sand is strongly dependent on its previous stress history and is 
relatively unaffected by its current stress level, whereas dynamic 
penetration resistance is strongly influenced by current stress 
level and is unaffected by stress path. Hence, their find.ings 
would indicate that the general relationship obtained by Schmerbnann 
and supported by many other researchers (Webb, 1 969; Dahlberg, 
1974; campanella, 1984 and Smith, 1987) for overconsolidated 
granular soils are not likely to yield accurate settlement 
predictions. 
In SWeden an extensive series of testing was carried out in order to 
predict the preconsolidation pressure of a slightly overconsolidated 
natural sand deposit (Dahlberg, 1975). The results fran screw 
plate tests were used to determine the modulus of deformation of the 
preoompression range and the normally consolidated range beyond the 
preconsolidation pressure. Various insi tu testing methcrl.s, such 
as pressuremeter and penetration tests were examined with a view to 
determine the above mentioned parameters. The thickness of the 
investigated sand deposit had previously been reduced by excavation 
fran about 24m to alx>ut 8m. The remaining 8m of sand rested 
directly on rock and the ground water level was located below the 
surface of the bed rock. The N.G.I. screw plate instrument was 
used by Dahlberg to conduct plate loading tests to a maximum depth 
of am. 
The settlements determined from screw plate tests were used as a 
reference in a comparison of four different settlement calculation 
methcrl.s; the Janbu method (based on screw plate tests), the 
Buisman - De Beer method and the Schmertmann methcrl. (roth based on 
static cone penetration test results), and the Menard method (based 
on pressuremeter test results). The settlements from screw plate 
tests were used to calculate a modulus of deformation which 
corresponded to a particular settlement. Such a modulus was 
calculated for a pressure equal to the preconsolidation pressure and 
for a pressure exceeding the preconsolidation pressure by 200 kPa. 
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Dahlberg calculated the ratios of the two mOO.uli tased upon the 
above mentioned settlement calculation methods. 
The results of his study showed that firstly the preconsolidation 
pressure could be "estimated." from the load-settlement relationships 
of screw plate test data, (Fig 2.9) whereas this was not possible 
with the other insitu tests. Secondly his comparison of various 
methods of settlement calculations showed that at a low relative 
density the ratio between the modulus of the preconsolidation range 
and the normally consolidated range was 4 - 7 for the Janbu method, 
2 - 4 for the Schmertmarm method, 7 - 17 for the Buismann - De Beer 
methcrl arrl 2.5 - 5 for the Menard methcrl. At a high relative 
density, the corresponding ratios were 2.5 for the Janbu methcrl, 
1.5 for the Schmertmann method, about 4 for the Buismarm - De Beer 
method and about 2 for the Menard methcrl. 
Campanella et al (1984) compared Janbu's modulus number m for sand 
obtained fran screw plate tests with tl-e m:rlulus nutl:ers eval.wta:l fran ｦｦｩｬｦｾ＠
pressuremeter (MEh:mt and laboratory (ME)lab tests obtained by 
Robertson ( 1982). The laboratory (ME) lab values were obtained 
from the initial tangent portion of the triaxial test performed on 
undisturbed samples. The pressuremeter (ME)pnt was obtained fran 
unload-reload tests perfonned on site. The tests were conducted on 
saturated medium-coarse sand deposit of variable density to a depth 
of 15m. 
Figure 2.10 represents the results of his comparative study after 
tf1e m values were corrected for plate rigidity (Selvadurai and 
Nicholas, 1979). The apparant relationship between the various 
modulus numbers from his tests were: 
m = (0.9 - 1.2) (ME)average in fine sand 
m = (0.75 - 1.0) (ME)average in medium dense sand 
(2.28) 
(2.29) 
With reference to the above relationships, he then stated that the 
value (ME)pnt was expected to be lower than the m values, unless the 
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800 
insitu Ko value was high. Similarly Ladd et al ( 1977) observed that 
the vertical mc:xlulus can be approximately twice the horizontal. 
Campanella also examdned the relationship between constrained 
modulus and vertical elastic modulus, using Equation 2.30. 
M = E(1 - v) (2.30) 
{1 + v)(l - 2v) 
in which: v Poisson's ratio 
M constrained modulus 
E vertical elastic modulus 
and showed that by choosing appropriate Poisson's ratios, one would 
expect that: 
m N (1.5 - 2.1) (ME)Lab ( 2. 31 ) 
Robertson ( 1982) observed that the pressuremeter unload-reload 
modulus was approximately equal to the insitu horizontal modulus and 
assuming E(vertical) = 2E(horizontal) consequently: 
m ｾ＠ (3.0 - 4.2) (ME)Pmt (2.32) 
Fran the above discussion campanella concluded that, in order to 
obtain a more realistic vertical constrained modulus from Janbu's 
analysis, it is necessary to multiply the modulus number by a factor 
of 3. 
Whereby: 
mtrue = (2.7 - 3.6)mJanbu In fine sand (2.33) 
mtrue = (2.3 - 3.0)mJanbu In medium dense sand (2.34) 
Fran the canparison shown in Fig 2.10, it can clearly be seen that 
the modulus values compare reasonably well for different tests. 
However from the relationships for various moduli obtained from 
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different tests, it was suggested that the true rocrlulus value 
obtained fran screw plate tests must be on. average 3 times greater 
than the average modulus values obtained from other insitu and 
laboratory tests. Consequently it may also be suggested that 
installation of the screw plate may cause significant soil 
disturbance which would lead to underestimation of the deformation 
modulus values. 
The importance of the effect of plate rigidity on the interpretation 
of screw plate test results was reported by Campanella et al ( 1984) • 
The load-settlement curves obtained from screw plate test data in 
sand was analysed using Schmerbnann' s method. Figure 2. 11 
represents the results of his test, whereby an underestimation of E 
value in stiff clay was made but after the plate stiffness 
correction ( Selvadurai and Nicholas, 1979) was applied to the 
results, the trend obtained was in the range reported by 
Sclunertmarm. 
2. 5. 2 UNDRAINED DEFORMATIOO K>DUWS 
The undrained stress-strain characteristics of a soil depend greatly 
on stress and strain history, initial stress conditions and applied 
stress path. As a consequence, in order to canp:rre the undrained 
deformation modulus values from different tests, one must consider 
the sequence of stress path applied to the soil, upon the 
application of load. For example, in the case of a plate bearing 
ｴｾｳｴ＠ at depth, during excavation, stress relief occurs and upon the 
application of load, stress reversal is applied to the soil. A 
stress reversal tends to give a stiff condition in soils. Similarly 
in the pressuremeter test, the modulus values are ｾｮｬｹ＠
determined fran an unload-reload loop which again tends to give a 
stiff condition. · 
Kay and Parry (1982) carried out a series of tests in stiff clay 
and because of the above mentioned, the triaxial and screw plate 
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tests were subjected to full and 3/4 loop load-unload cycles. The 
comparison of undrained deformation ｲｮｯ､ｵｬｵｾ＠ values between screw 
plate and triaxial tests showed that the Eu values obtained fran 
full loop and 3/4 loop screw plate tests varied less than those from 
triaxial test results·and the trend of moduli with depth agreed very 
well between the two tests. Contrary to these findings, at 
another test site in Australia, Kay and Mitchell ( 1 980) re'PQrted 
the initial undrained.deformation modulus Eu measured in stiff clay 
to be 4 - 5 times greater than those obtained fran lal::x:>ratory tests. 
Kay and Parry ( 1 982) also canpared the undrained deformation mcdulus 
values measured from screw plate tests with those obtained from 
pressuremeter tests and they reported that a fairly reasonable 
measure of agreement was obtained between the two tests • values. 
2. 5. 3 UNDRAINED SHEAR smENG1'H 
It is generally believed that the shear strength of soils measured 
by various insitu and laboratory tests are different because of the 
inherent differences in the orientation of failure planes, induced 
disturbance and strain rate. Kay (Kay and Avalle, 1982; Kay and 
Mitchell, 1 980; Kay and Parry, 1 982) canpared the undrained shear 
strerigth of stiff clay obtained from screw plate test data with 
triaxial, pressureroeter and cone penetration tests. Kay and Parry 
(1982) carried out a series of triaxial compression/extension tests 
and compared the results with screw plate tests. This type of 
compression/extension comparison was reported to be representative 
of the failure zone beneath the plate which comprised of active and 
passive zones, that corresponded approximately with triaxial 
compression/extension respectively. Thus the plate shear strength 
was expected ｾｯ＠ lie between the compression and extension values. 
At a test site in Australia, (Kay and Mitchell, 1 980 ) , the 
undrained shear strength measured fran the screw plates was found to 
be greater than the laboratory tests. The high settlement rate of 
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the plate was suggested to be the reason for this difference. 
Contrary to the al:ove (Kay and Parry, 1 982) , the undrained shear 
strength obtained fran field tests (Cambridge test site) was found 
to be lower than those obtained fran triaxial canpression tests. 
When canparing the undrained shear strengths obtained fran screw 
plate and pressuremeter tests, Kay and A valle ( 1 982) noted that the 
rate of change of strength with depth varied significantly between 
the two tests. Fundamental test differences such as direction of 
loading 1 soil anisotropy, merle of defonnation and strain rate were 
suggested to be the reasons for this variation. Kay and Parry • s 
( 1982) results contradicted the ab::>ve philosophy 1 whereby the 
undrained shear strength obtained fran screw plate tests was about 
80% of the pressuremeter values, and the rate of change of strength 
with depth was very similar. 
Pc:M'ell and Quartennann ( 1 986) evaluated the bearing capacity of 
stiff clays using the screw plate device. The bearing capacity was 
determined by utilizing three different methods: 
(1) Displacement method (ultimate bearing pressure was measured at 
15% of plate diameter) 
( 2 ) Curve fitting method (Kay and Parry 1 1 982 ) 
( 3 J Log methcrl ( Sel vadurai and Nicholas, 1 979) 
A comparison was made between the above mentioned methcx:ls and it was 
concluded that the curve fitting methcrl showed the greatest scatter. 
This was because the analysis was based on the early pa.rt of the 
load-settlement curve 1 which was most affected by disturbance during 
insertion. The bearing cap;lci ty values b3.sed on 1 5% settlement 
ratio gave the most consistent results. 
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2.6 SUMMARY 
The review of screw plate testing in the preceeding sections has 
shown that the screw plate instrument could be a valuable device for 
measuring soil parameters. 
Fran the published literature it is evident that the design of screw 
plates over the years has received limited attention. The screw 
plate test has been used extensively in clayey soils, hc:Mever its 
use in granular soils has been to a lesser extent. Based UJ:Xlll 
limited field studies, there are some suggestions that it is 
possible to predict the preconsolidation pressure of 
overconsolidated granular soils using screw plate tests. 
Research is needed in order to improve the methods used to install 
the plate and also to improve the methcrls used to interpretate 
screw plate test results. 
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3. 0 TEniNIOOES USED IN THE INVESTIGATIOO 
A mcdel screw plate instrument was designed and developed in order 
to conduct a series of plate load tests in the University of 
Surrey's flexible wall- calibration chamber. Various plate 
geometries and installation mechanisms were studied with a view to 
reduce soil disturbance. The screw plate instrument was utilized to 
evaluate the compressibility of normally and overconsolidated 
specimens and also to detect the preconsolidation pressure of 
overconsolidated specimens. The tests were conducted under stress 
controlled conditions on saturated Leighton Buzzard sand. 
This chapter sumnarizes the experimental work carried out by the 
author. '!be results are presented in the following chapters. 
3.1 THE CALIBRATIOO aiAMBER 
The University of Surrey calibration chamber was developed by Dikran 
(1983). A cross section of the chamber is shown in figure 3.1. 
The chamber is able to control the vertical and horizontal stresses 
at the specimen boundaries. The axial stress is applied to the 
specimen by a water pressurized diaphragm, which is fixed to the 
base bf the chamber. An air pressure system is connected to the 
diaphragm to apply vertical pressure to the specimen which 
compresses the sand specimen against the top platen. The specimen 
is enclosed in a 1 • 2 rrm thick latex rubber membrane and the lateral 
stress on the specimen is exerted by applying pressure on the water 
surrounding the membrane. The vertical and horizontal stresses are 
measured by means of two pressure transducers fixed to the bottom 
plate and the outer steel cylinder of the chamber. 
A 50 mm diameter hole and plug are provided on the top platen for 
lowering the screw plate into the specimen. 'Ihe size of the hole 
was increased to 64 rnm to allow for advancement of the casing into 
the specimen, and consequently another plug was made for the hole. 
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The rubber membrane was fixed tightly on the lower angle ring at the 
bottom of the chamber by means of two jubilee clips to prevent any 
leakage from the sample during the application of vacuum on the 
specimen. A fonner which was made of two halves of a cylinder, 
surrounds the latex rubber and supports the specimen during the 
deposition process. At the top the rubber membrane was fixed to the 
platen with two jubilee clips. The suction was applied to the 
specimen using a vacuum pump and a pressure transducer was connected 
to the plug in order to measure the rnagni tude of the vacuum on the 
specimen. 
Upon successful completion of specimen preparation, the former was 
removed and the outer cylinder which surrounded the specimen was 
filled with water. The top cover was then fixed onto the outer 
cylinder and sealed against the top platen. Vertical and horizontal 
pressures were then applied in increments of 1 0 kPa to the specimen. 
Between each pressure increment, time was allowed for pore water 
pressure dissipation through the drainage pipe fixed to the base 
plate whilst the pore water pressure was monitored by the pressure 
transducer fixed to the plug. 
3. 2 TliE SCREW PLATE INS'IRUMENI' 
3. 2. 1 THE SrnEW PLATES 
Three screw plates were designed and developed. They were 50 rrun 
diameter and 3 rnm in thickness and each plate had a different pitch 
to diameter ratio. The diameters of the loading shafts irrmediately 
above the plate were 6 mm for the screw plates with a pitch of 5 mm 
and 12.5 nm, whilst for the 23.5 mm pitch screw plate, the diameter 
of the shaft was 12.5 mm. Figure 3.2 presents a general view of 
the screw plates. 
Due to uncertainties regarding the boundary effects of the 
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calibration chamber and the restriction imposed. by the configuration 
of the calibration chamber • s top plate, it was decided to restrict 
the diameter of the plates to 50 rnm. Adequate plate rigidity was 
achieved by choosing a plate thickness of 3 mm. The cutting edge 
approach angle of a screw plate may increase soil disturbance 
during penetration, although this is difficult to quantify. Soil 
disturbance that may be caused by advancement of a screw plate could 
be compared with penetration of an O'pen ended sampler into a soil. 
Hvorslev ( 1949) showed that advancement of a sampler causes scme of 
the soil displaced to be pushed. inside the tube. Similarly in the 
case of a screw plate, it is possible for sane of the soil in the 
driving path of the plate to be displaced and forced. underneath the 
plate. Hvorslev suggested an angle of taper of 15 degrees to avoid 
entrance of excess soil into the sampler. This angle was chosen to 
taper the top face of the cutting ed.ge of the screw plate. 
Finally, the penetration efficiency of the screw plates in relation 
to their pitch was investigated by monitoring the depth of 
advancement per revolution of the plates. 
3. 2. 2 THE INSTALLATIOO SYSTEM 
Initially a single shaft mechanism was constructed for advancing the 
plates into the soil. The instrument consisted of a series of 
1 00 rrnn segments of 1 2. 5 nm outside diameter shaft which had threaded 
connections. The shafts were hollow for possible instrumentation of 
the screw plate itself at a later stage. TOrsional forces required 
ｴｾ＠ advance the plates caused shear failure at threaded sections. 
Consequently it became necessary to increase the threaded area, by 
increasing the outer diameter of the shaft to 1 6 mm. 
Initially it was expected that upon retrieving the screw plates, 
because of the threaded connection there might be the possibility of 
losing the plates altogether. However, this was not the case, as 
the torsional forces required to rotate the screw plates in an 
anticlockwise direction were negligible compared to that applied 
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during the installation stage. The screw plates were advanced by 
using the above mentioned single shaft mechanism in conjunction with 
a rotating bush bearing and a groove shaft. The two ball bearings 
seated in the grooves minimised any axial force from being applied 
to the plate by means of the sliding action of these ball bearings 
in the grooves. 
The torsional force required to advance the screw plate in dense 
sand was of such a magnitude that it caused the failure of the shaft 
above the plate. Further enlargement of the shaft was not 
desirable. Hence in order to reduce the torsional forces applied 
to the plate, it was decided to provide a mechanism by which the 
applied torgue was transmitted to the plate via a shorter length of 
shaft. 'lb accomplish this, a second hollow shaft 32 mm outer 
diameter was intrcrluced, so that it formed a casing around the 
loading shaft. This outer shaft was termed the "Drive Shaft" and 
connected to the inner loading shaft by four splines about 150 mm 
above the screw plate. One millimeter clearance was provided on 
the sides of the splines in order to avoid frictional contact 
between the outer shaft and the splines at the loading stage of the 
test. Figure 3.3 presents a drawing of the spline connections. 
Upon plate advancement, torsional forces were taken by the drive 
shaft and transmitted to the plate via the splines. Therefore the 
length over which the torgue was applied on the loading shaft was 
significantly reduced. Figure 3.4 presents a general view of the 
double shaft system. During the loading stage of the test, the 
drive shaft provided a casing around the loading shaft and 
consequently for load tests conducted at depth, frictional and/or 
adhesional forces acting along the loading shaft were expected to be 
considerably reduced. 
Finally, a screw rod of a specific pitch was constructed and monnted 
on the drive shaft, for plate penetration under controlled 
advancement mode. Figure 3. 5 presents a general view of the screw 
rod and nut used to advance the plate at a predetermined rate. 
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3. 2. 3 THE GUIDE FRAME 
In order to reduce wandering of the plate during installation and to 
ensure the verticality ·of the drive shaft, a guide frame was 
developed. As the name implies, the purpose of the frame was simply 
to support the screw plate instrument during installation. The 
frame which was bolted onto the calibration chamber's top plate 
consisted of a circular base plate and two bars with an adjustable 
crossbar. Two bushes were made, one of which was sea ted in the 
central hole of the base plate, and the other one was placed in the 
adjustable crossbar. Depending upon the position of the plate 
within the specimen, the crossbar was adjusted to provide maximum 
support to the instrument. As mentioned above, this support was 
initially provided by two bushes, but the metal contact friction 
encountered between the drive shaft and the bushes reduced the 
penetration efficiency of the plates. Tb overcome this the bushes 
were modified by installing roller bearings in them. 
3. 2. 4 LOAD APPLICATION SYSTEM 
The system consisted of a loading frame and an air pressure 
actuator. The frame itself canprised two threaded bars which were 
cormected by a cross plate. At the test depth, the loading frame 
was mounted on the calibration chamber and the load was applied to 
the screw plate by means of the actuator. 
ｔｨｾ＠ pressure actuator was a low friction spring loaded single acting 
bellofram rolling diaphragm air cylinder which was connected at one 
end to the cross plate and at the other end to the loading shaft. 
The diaphragm had an effective area of 4" square and 10 bar maximum 
pressure capacity with a 1 • 8" stroke. The applied pressure was 
measured by two Budenberg pressure gauges. One of the gauges had a 
capacity of 250 kPa whilst the other gauge had a capacity of 1 200 
kPa. Finally, the pressure measured by the gauges was multiplied 
by the effective cross sectional area of the diaphragm pistons in 
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order to obtain the total load applied to the plate. 
3. 2. 5 PROVISION OF A CASING 
Because of the size of the drive shaft, it was decided not to 
advance the screw plate fran the surface of the sand sample. If the 
drive shaft was allo.ved to advance into the specimen, the 
penetration efficiency would have been dramatically reduced. Hence, 
a casing was installed prior to advancement of the plate. 
The I.S.S.M.F.E. recommendations (Clayton et al, 1982) were used for 
design of the casing. Fach casing was 75 rrm in length and had an 
outside diameter of 55 mn. It had an area ratio of 11% and a 
cutting shoe taper angle of 12%. In order to reduce soil 
disturbance during installation, the casing was advanced statically 
by means of the diaphragm air cylinder. The installation methoo of 
the casing is explained in Section 3.6, " Screw plate testing 
procedure". 
3. 2. 6 DATA ACCUISITION SYSTEM 
The system consisted of five transducers, a signal conditioning 
unit, a digital readout unit and a microcanputer. The cell and 
axial 'pressures imposed on the specimens were measured by means of 
two Druck Ltd pressure transducers with an operating range of 0 -
1000 kPa. These transducers were calibrated using a Budenberg 
dead weight tester. The gain was adjusted so that 4000 bits would 
be: equivalent to 1 000 kPa. A Bell and HCMell Ltd pressure 
transducer was fixed to the calibration chamber's plug in order to 
measure the vacuum pressure applied during the specimen 
preparation stage and also to measure any pore water pressure 
generated by the application of cell and axial pressures to the 
specimen. This pressure transducer was also calibrated with the 
Budenberg dead weight tester for a pressure range of 0 - 1 000 kPa. 
Negative range calibration of this transducer was not possible and 
it was assumed that the positive calibration was also a reasonable 
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representation of the negative range. The pressures were read on a 
digital signal unit developed within the geotechnical laboratory. 
The unit converts the output analogue signal from pressure 
transducer to a digital display. 
The vertical displacement of the plate under load was monitored by 
using two linear strain conversion displacement transducers (LSCDT) 
manufactured by MPE Transducers Ltd. The transducers were hung from 
the loading frame cross plate onto a bracket connected to the 
loading shaft. The transducers had a linear range of 6 mm, but they 
were calibrated over a range of 4 nun in order to achieve a 
readability of 1 micron. The calibration was achieved by using a 
digital micrometer in conjunction with a calibration jig. 
The signal conditioning unit received the output analogue signals 
from various transducers. The signals were amplified and converted. 
to digital form and sent to the microcomputer. A total of four 
channels were used to monitor the signals from two pressure 
transducers for measuring the axial and cell pressure exerted on the 
specimen, and the two displacement transducers to measure soil 
deformation. 
A listing of the basic algorithm written on the.microcomputer to 
receive data from various transducers can be seen in Appendix A. 
3.3 CHARACIERISTICS OF LEIGH'ION BUZZARD SAND 
The Leighton Buzzard sand was a sub-angular uniform fine quartz sand 
with a particle size distribution as shown in Figure 3.6. The sand 
had a mean particle size (DSO) of 0.11 rnm and a coefficient of 
uniformity Cu = D60/D1 0 = 1 .6. The specific gravity of the sand 
particles was 2.67 and maximum and minimum dry density values are 
1 .68 Mg/m3 and 1 .33 Mg/m3 respectively. 
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3. 4 SPECIMEN PREPARATION 
Sand samples were prepared in the calibration chamber using Dikran's 
method of deposition (Dikran, 1983). The sieve was filled with sand 
while it was resting on the bottom of the chamber, and then raised 
very slowly by a distance equal to that of the sieve height 
(150 nnn). This procedure was repeated until the required height of 
specimen was reached. It was noted that during specimen preparation 
the rate of deposition was high. A screw plate was advanced 
into the specimen and the torque required to advance the plate was 
measured. The magnitude of torque varied by about a factor of four 
throughout the depth of specimen, and this variation was not linear 
with depth, but was scattered over a depth of 500 rrnn, as shown in 
Figure 3. 7. From these observations, it was decided to mcrlify the 
deposition process in order to produce a more uniform sample. 
In order to investigate the factors affecting the behaviour of 
pluvial deposition of sand under water and to observe the 
sedimentation paths taken by the particles, a series of simple 
model tests were carried out in a glass cylinder 200 rrnn diameter and 
580 mm in height. A number of sieves of the same diameter as the 
glass cylinder were used as a raining device, which were placed on 
top of the cylinder. From these tests it was noted that upon 
deposition a turbulant flow was created which transported the sand 
particles in suspension in all directions. This pattern of flow 
was established due to the high rate of deposition. Even when the 
6.3 mm perforated holes of the sieve were reduced to 2 rrnn, the 
existence of turbulant flow was still visible and further reduction 
in the size of the holes caused clogging. 
From these tests it was concluded that in order to obtain a more 
uniform sample, the turbulant flow that may occur by the downward 
flow of sand should be minimised, and this is possible by reducing 
the rate of deposition. These findings led to the developnent of a 
new technique of deposition in order to achieve a reasonably uniform 
59 
measured torque (Nmm) 
0 
6000 12000 18000 24000 30000 
0 
* 
* 
* 
* 
* 
* 100 * 
* 
* 
* 
.. 
• 
* 
200 * 
• 
* 
* 
E 
* E 
........ 
* 
...c 300 
....., • 
c.. 
Q) 
• ""0 
• 
• 
• 400 
• 
* 
* 
• 
• 
500 • 
• 
* 
* 
600 
Fig. 3.7 Variation in measured torque with depth 
60 
sample. In the new approach the sieve was fastened to the rubber 
membrane by means of a jubilee clip and was .kept at a constant 
height of 150 nun above the former. The fonner was then filled with 
water until the level of water in the sieve reached one quarter of 
its depth. Sand was then scooped into the sieve as quickly as 
possible while water was not allowed to escape from the fanner by 
means of a jubilee clip which sealed the latex membrane against the 
sieve. Once the sieve was covered with sand, water was then allowed 
to escape from the former by loosening the jubilee clip slightly and 
consequently allowing the sand to deposit. As the sand flowed 
downwards more was scooped into the sieve very gently so as not to 
shake the sieve. This procedure was repeated for about two and a 
half hours until the required height of specimen was reached. 
3. 4. 1 VERIFICATION OF SPECIMEN PREPARATION 
In order to check the unifonnity of the specimens prepared in the 
calibration chamber utilizing the modified approach, it was decided 
to carry out a series of density tests using the core cutter 
technique. The core cutters were designed and made in brass. These 
had a length to diameter ratio of 1 with an inside clearance of 1 % 
and an area ratio of 11%. Each cutter penetrated into the sand in a 
static manner by pushing a perforated plate placed on top of the 
cutter (50 mm in length) which was fixed to the core cutter. A 
sharp edge steel plate was then inserted underneath the cutter 
ensuring that sane sand was projected from the lower end. The 
cutter was then dug out of the surrounding sand very gently. The 
ends of the core were then trimmed flat to the edge of the cutters 
and placed in a tin and dried in an oven. Five cores were 
recovered by this procedure at each level. The average density 
obtained from 15 cores was 1 .51 j; 0.02 Mg/rn3 • 
A series of screw plate penetration tests were also carried out in 
the sand specimen. The torque required to advance the plate was 
monitored regularly with depth by using the 5 mm pitch screw plate. 
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The measured torque increased from minimal values to a maximum value 
of about 12000 Nnun at a depth of about 70 rmn. From this depth 
downwards the measured value varied by less than 20% throughout the 
., 
depth of specimen. These measurements further verified that the 
new approach of specimen preparation produced a more unifonn sample .• 
3. 5 PENErRATION TESTS 
Penetration tests with the three screw plates in conjunction with 
the single shaft system were carried out, in order to establish the 
most suitable plate for penetrating the sand most efficiently 
with minimum soil disturbance. All the tests were conducted in the 
calibration chamber at a stress level ov' = 100 kPa and 
ah' = 40 kPa. 
The penetration of the screw plates was measured by means of an 
upright vernier and the percentage pitch per revolution was 
calculated for each plate. Figure 3.8 presents typical results 
obtained from penetration tests with the three screw plates. 
One penetration test with the 12.5 rmn pitch plate in a dense 
specimen showed that the torque required to advance the plate was 
many times greater than when the plate was advanced in the 
loose-medium dense specimen. The screw plate sheared off from the 
loading shaft when the magnitude of applied torque reached 70000 Nrran 
at a depth of about 170 mm. Finally the penetration efficiency of 
the plates was also examined using the double shaft system. 
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3. 6 SCREW PLATE TESTING PROCEDURE 
Following the specimen preparation stage, the load frame was fixed 
on the calibration chamber and the central plug was removed. The 
casing was then inserted and carefully advanced vertically by about 
45 nun into the soil by means of the loading diaphragm air cylinder 
as shown in Figure 3.9a. The 23.5 mm pitch plate was then inserted 
into the casing and rotated by one revolution. The displaced soil 
was then removed from the casing by lifting the screw plate gently 
in order to avoid any suction as shown in Figure 3. 9b. The casing 
was continuously filled with water so as to ensure that the 
hydraulic gradient did not reach a critical value and cause piping 
at the base of the hole. This procedure was repeated until the level 
of sand within the casing was about 15 rnm 'fran casir.g bJttan. A :furt:lEr:' lffi3tll of 
casing was then added and allowed to penetrate into the specimen. By 
using this procedure more sand was removed. When the casing 
penetrated by about 200 rrun, the guide frame was bolted onto the top 
plate of the chamber and the screw plate was inserted into the 
specimen through the guide frame. The bush bearings were then 
positioned, and for controlled advancement of the plate the screw 
rod and nut were connected to the drive shaft (Figure 3. 1 Oa) • 
Prior to the advancement of the plate the loading shaft was placed 
at its uppennost position, so that during the loading stage 
sufficient movement was provided for the splines. The screw plate 
was then advanced by about 115 mm to the first test depth i.e. 300 
mm deep. When the plate was advanced freely, the average 
percentage pitch penetration per revolution was calculated. Then 
the diaphragm air cylinder was fixed to the loading shaft and the 
transducers were hung from the crossbar onto the bracket of the 
loading shaft as ｳｨｾｭ＠ in Figure 3.10b. 
An increment corresponding to a plate pressure of 33 kPa was applied 
to the screw plate and the induced settlement was recorded. An 
elapsed time of 5 minutes was allowed for creep or dissipation of 
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pore water pressure before tal<.ing the transducer readings again. 
FUrther increments of load were then applied to the plate and the 
al:x::>ve procedure was repeated. At a pressure of 650 kPa the plate 
was unloaded in order to measure the amount of elastic defonnation 
that had occurred. F±nally the plate was reloaded to a pressure 
of 792 kPa. 
After the canpletion of the loading stage, the transducers and the 
loading frame were removed and the screw plate was retrieved. 
Excess soil in the casing was removed using the above mentioned 
procedure. The casing was then further advanced into the soil to a 
depth of about 300 mn. The screw plate was then advanced fran the 
bot tern of the casing to the second test depth i.e. 400 mn deep. 
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Fig. 3.9(a) Casing insertion (Negative No. 89961 /6) 
Fig. 3.9 (b) Augering the sand (Negative No . 89962/9) 
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4. 0 SCREW PLATE TESTING IN THE CALIBRATION CHAMBER 
4. 1 TESTING PRcx:;RAMME 
A series of screw plate tests were conducted in normally 
consolidated and overconsolidated saturated Leighton Buzzard sand 
specimens at a single density of 1 .51 ± 0.02 ｍｧＯｮｾＮ＠ Consolidation 
was carried out along both isotropic and Ko stress paths. The main 
objectives of these tests were to investigate the practicality of 
the screw plate instrument as a device for measuring the modulus of 
deformation of saturated sand specimens subjected to different 
stress paths and also to observe whether the screw plate could 
detect the preconsolidation pressure of overconsolidated sand 
specimens. 
Loading tests were conducted on saturated sand specimens, after 
advancing the Smm pitch screw plate into the soil by means of either 
the free or controlled advancement methcx:1s. Eight tests were 
conducted on isotropically consolidated specimens at a stress level 
a v 1 = 1 00 kPa, a h' = 1 00 kPa. Four of these were carried out on 
isotropically overconsolidated specimens with an overconsolidation 
ratio of 5. Ten further tests were performed on specimens 
consolidated along a Ko path, five of which were performed on three 
nonnally consolidated specimens at a stress point ov 1 = 1 00 kPa and 
a h' = 40 kPa. Hababa { 1 984) carried out a series of triaxial tests 
on the same Leighton Buzzard sand for various densities and 
overconsolidation ratios using a Bishop caliper in conjunction with 
8: Hall effect device. From his findings a Ko value of 0. 4 and the 
loading and unloading stress path, as shown in Figure 4.1 was 
adopted for the series of tests in the calibration chamber. 
An equivalent modulus of defolJlla.tion, Es was calculated using 
equation 4.1 (Tirnoshenko and Goodier, 1951) assuming a Poisson's 
ratio of 0. 3 for the sand, and a flexible surface loaded plate on an 
homogeneous elastic half-space. 
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Es = av(l 
-----
in which: 
Es equivalent ｭｯ､ｵｬｵｾ＠ of deformation measured 
from screw plate test 
v Poisson•s ratio 
D diameter of the screw plate 
av plate stress 
ｾ＠ plate settlement at centre of plate 
• • • • 4.1 
The deformation mcrlulus, ｅｾ＠ , was also calculated fran the reference 
stress level (a v • = 1 00 kPa) in relation to the induced settlement 
fran this stress level. The E; value was calculated using equation 
4.2 in order to eliminate the errors resulting from the disturbance 
caused by the advancement of the casing prior to installation of the 
plate and also to eliminate the affect of any bedding that may have 
occurred by advancement of the screw plate. 
in which: 
E•s = (ov - oR)(l - v2)o 
( \5 - \SR) 
ov plate stress in kPa 
oR reference pressure = 100 kPa 
E's equivalent modulus of deformation measured from 
screw plate taking into account the reference 
pressure 
D diameter of the screw plate 
ｾ＠ settlement of the plate 
oR settlement of the plate at the reference 
pressure oR 
•••• 4.2 
Figure 4.2 presents the method by which the deformation moduli E 
and E1 were calculated from pressure-settlement curves. 
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E 
;:::1. 
cr (kPa) 
E' 5 = (ov - oR)(l - v2 )D 
( 6 - oR) 
Fig. 4.2 Definition of equivalent moduni of deformation E
5 
and E'
5 
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4.2 RESULTS 
The results of the screw plate tests are presented in this chapter. 
The summary of the calculated deformation modulus values are shown 
in tabular forms. The modulus of defonna.tion Es was calculated for 
each pressure increment up to an equivalent plate stress of 1 97 kPa. 
Similarly ｅｾ＠ values were calculated for each pressure increment 
up to an equivalent plate stress of 297 kPa. The E8 and ｅｾ＠ values 
were then calculated at 100 kPa intervals upto a pressure of 
600 kPa. 
A typical pressure-settlement relationship for each set of tests is 
presented. The ordinate is drawn as the plate settlement while 
the abscissa represents the applied pressure to the plate. 
The boundary conditions at the top and the bottom of the specimen 
might have an influence on the plate settlement. The top platen 
imposed a rigid frictional top boundary on the specimen and the 
pressure diaphragm imposed a frictional bottom boundary on the 
specimen. Hence, in order to avoid the affect of the boundary 
conditions, the tests were conducted at a depth of 300 mm and 400 rnm 
below the top platen. 
4.2.1 INDEXING OF THE TEST RESULTS 
A combination of letters and numbers was used to index the tests. 
The reason for indexing was to indicate for each test the specimen 
stress state, the method of advancement of the screw plate and the 
test depth. 
The first number of the test name simply refers to the test ｾｵｭ｢･ｲＬ＠
the letter following this number indicates the method of advancement 
of the screw plate, with the letter F representing free advancement 
and the letter C representing controlled advancement of the plate. 
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The number 300 refers to the first test depth, i.e. 300 nm below 
the top platen. Similarly the number 400 refers to the second test 
depth, i.e. 400 nm below the top platen of the chamber. The 
letter 'NC' is used for normally consolidated specimens, whilst the 
letter 'OC' represents overconsolidation of the specimens. 
Finally, the letter 'ISO' refers to isotropic consolidation , 
while Ko stands for consolidation along a Ko path. For example, 
test 1 F300NCISO was carried out on specimen Number 1 , normally 
consolidated along an isotropic path, with the screw plate advanced 
freely to the first test depth, 300 nun below the top platen. 
4. 2. 2 ISOTROPICALLY <mSOLIDATED SPECIMENS 
Table 4.1 summarizes the modulus of deformation values calculated at 
different equivalent plate stress levels from tests on normally 
consolidated and overconsolidated specimens. Figure 4.3 shows 
typical pressure-settlement curves for tests on normally 
and overconsolidated specimens. For normally consolidated 
specimens the curves exhibit a non-linear behaviour from the initial 
stages of loading and at higher pressures, the degree of 
non-linearity increases. The calculated deformation modulus values 
for these series of tests seemed to be scattered. For example, at 
a pressure of 1 32 kPa, the ｅｾ＠ value ranged fran 27 MPa to 46 MPa 
for different tests (Table 4.1). 
Isotropic overconsolidation was achieved by raising the axial and 
radial pressures simultaneously to 500 kPa and then reducing both 
pressures to 1 00 kPa. By comparing the deformation modulus values 
of normally consolidated and overconsolidated specimens from Table 
4.1, it is clear that overconsolidation has little measurable 
effect on the initial deformation modulus values, but at higher 
stress levels, the Es values for overconsolidated specimens were 
on average 1.3 times the values- of normally consolidated specimens. 
The shape of the pressure-settlement curve of overconsolidated 
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consolidated and isotropically over consolidated specimens 
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specimens in contrast to that of the normally consolidated specimens 
was more linear (Figure 4.3). This figure also canpares the amount 
of recoverable deformations for normally consolidated and 
overconsolidated specimens. The amount of recoverable deformation 
measured from unloading the normally consolidated specimens was 
about 37% of the total defonnation, whereas the aroc>unt of 
recoverable deformation of overoonsolidated specimens was about 60% 
of the total deformation, over one and a half times greater. 
Hence overconsolidation seemed to have reduced the amount of plastic 
irrecoverable deformations. 
4. 2. 3 Ko <DNSOLIDATED SPECIMENS 
Table 4.2 summarizes the deformation modulus values obtained from 
tests on Ko consolidated specimens and Figure 4. 4 shoos a 
typical pressure-settlement curve for screw plate tests on nonnally 
consolidated and overoonsolidated specimens. The existence of 
plastic irrecoverable deformation was evident from the unloading 
path. 
With regard to the overconsolidated specimens, the ｅｾ＠ values were 
on average about 50% greater than the normally consolidated 
specimens at an equivalent pressure of 132 kPa. However, at higher 
stress levels, the ｅｾｏｾ＠ Ｏｅｾ＠ NC ratio increased to about 2.5. 
At the preconsolidation pressure of 500 kPa no abrupt change in the 
pressure-settlement curve was noted and contrary to the normally 
consolidated ｳｰ･｣ｾｳＬ＠ the pressure-settlement curve was linear. 
Figure 4.4 also compares the amount of recoverable deformations for 
normally consolidated and overconsolidated spectmens. In the case 
of overconsolidated specimens, upon unloading of the plate, the 
percentage recoverable defonnation was about 49% of the total 
settlement, whereas for the normally consolidated specimens, the 
percentage of recoverable deformation was only 17% of the total 
settlement. Thus as mentioned earlier, it appears that 
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overconsolidation reduced the amount of plastic deformations 
significantly. 
4. 2. 4 amEP SETr.LEMENT 
Upon the application of a load increment to the plate, displacement 
transducers were recorded and after waiting for five minutes, the 
transducers were read again. The creep settlement was then defined 
as the difference in the two deformation readings. 
Figure 4.5 presents the creep settlement against equivalent plate 
pressure. The creep settlement was negligable up to a pressure 
of about 1 50 kPa, however, at higher pressures, the amount of 
creep settlement increased and the extent of this increase was 
related to the stress state of the specimen (Figure 4.5). The 
specimens normally consolidated along Ko path produced maximum creep 
settlement, whereas the specimens which were overconsolidated along 
an isotropic path showed smaller creep settlements. 
The pattern of creep settlement in relation to the stress state can 
be related to the amount of i+recoverable deformation obtained from 
screw plate load tests. Thus with the Ko normally consolidated 
specimens, the percentage of irrecoverable deformation was at 
greatest, at about 83% and as mentioned earlier, the amount of 
creep settlement was also greatest. Similarly for the 
isotropically overconsolidated ｳｰ･｣ｾｳＬ＠ the percentage of 
irrecoverable deformation was the least at about 40% and also the 
amount of creep settlement was the least. 
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5. 0 STRESS PATH TESTING 
It is important to establish upon loading of the screw plate, what 
would be the governing stress path adopted by the strained soil 
elements under the plate which may dictate the compressibility 
behaviour of granular soils. Indirectly, this could be assessed by 
means of stress path testing, whereby the direction of the shearing 
vector was altered and the incremental deformation modulus 1Mt • was 
compared with the deformation modulus values obtained from the screw 
plate tests. 
The influence of the direction of the stress path on the 
compressibility of a sand was also studied as a separate issue for 
specimens of Leighton Buzzard sand, which were normally 
consolidated and overconsolidated along isotropic and Ko paths. 
5. 1 THE DIRECriON OF SHEARING VECIDRS 
Ahlvin and Ulery (1962) produced elastic solutions for stresses, 
strains and deflections at depth beneath a uniform circular loaded 
area. Figure 5. 1 shows the key sketch for the use of these 
solutions. 
p/unit area 
r 
e(r,z) 
z 
Figure 5. 1 After Ahl vin and Ulery ( 1 962) 
81 
• . 
. 
Oy = p[A + B] 
ah = P[2vA + C + (1 - 2v)F] 
Ez = p (1 + v) [(1 - ＲｾＩａ＠ + B) 
E 
in which: Oy vertical stress 
. . . . 5.1 
. • • • 5. 2 
• • • • 5. 3 
p vertical stress on circular plate of radius a 
v 
Oh 
&z 
E 
A, B, C, F 
Poisson's ratio 
radial horizontal stress 
vertical strain at depti1 z 
deformation modulus 
dimensionless factors which are a function of 
the geometric location of the point considered 
'Ihese equations were used to calculate the stress ratios ov lcrh and 
vertical strains beneath the centreline of a circular loaded 
area for Poisson' s ratios of 0. 3, 0. 4 arrl 0. 5. Table 5. 1 
sumna.rizes the distribution of vertical stresses, horizontal 
stresses am the stress ratios a v/ oh with depth. 
v = 0.3 v = 0.4 v = 0.5 
Depth ov oh ｯｶＯｾ＠ oh ov/oh oh ov/crh 
z/a 
0 LOP 0.80P 1.25 0.90P 1.11 p 1.0 
0.1 0.99P 0.67P 1.49 0.76P 1.31 0.85P 1.18 
0.2 0.99P 0.55P 1.81 0.63P 1.58 0.71P 1.41 
0.4 0.95P 0.34P 2.27 0.41P 2.34 0.47P 2.03 
0.6 0.86P 0.20P 4.34 0.25P 3.49 0.30P 2.92 
0.8 0.76P O.llP 6.88 0.15P 5.14 0.18P 4.10 
1.0 0.65P 0.06P 11.24 0.09P 7.45 0.12P 5.57 
2.0 0.28P - - 0.006P 50.00 0.02P 17.64 
4.0 0.09P 
- - - - - -
6.0 0.04P 
- - - - - -
8.0 0.02P 
- - - - - -
\ 
. 
·-
Table 5.1 Distribution of ov , oh and ov /oh with depth 
under the centreline of a circular plate 50 mm in diameter 
82 
Figure 5.2 presents the vertical strain profile below the centre of 
a circular plate. It should be noted that (as found by Schmertmann, 
1970) the maximum vertical strain does not occur immediately under 
the plate, where the increase in vertical stress is at its maximum 
and equal to 1 • OP, but rather at depth zl a·· = 0. 4 - 0. 8, depending 
on the value of Poisson's ratio, where the corresponding increase 
in vertical stress is in the range of 0.95P - 0. 76P. 
At the depth where the vertical strain was greatest for Poisson's 
ratio values of 0. 3, 0. 4 and 0. 5, the corresponding stress ratios 
ov I ah were 2.27 - 4 .34, 3.49 - 5.14 arrl 2. 92 - 4.10 respectively. 
Immediately under the plate, where av = P, the ratios ovlah were 
1.25, 1.11 and 1.0. Finally at a depth zla = 1.0, where ov = 
0. 65P arrl oh \'las negligible the stress ratios \'/ere 11 • 24, 7. 45 and 
5.57 respectively. 
With regard to the above mentioned ratios, it was then decided to 
conduct a series of stress path tests along different direction of 
shearing vectors, adopting the incremental stress ratios a vI ah 
values of 1.7, 3.0 and 10 (Figure 5.4). 
5. 2 EXPERIMENTAL DErAILS 
5. 2. 1 S'IRESS PATH SYSTEM 
The Geotechnical Digital Systems (GDS) autanated triaxial testing 
system was used to ·conduct a series of stress path tests. The 
triaxial testing system consists of three units: a Het.'llett Packard 
HP 85 microcanputer to control the test and store the data, three 
pressure controllers to supply the required cell pressures, back 
pressures and axial pressures and a Bishop Wesley triaxial cell to 
supply these pressures to the specimen. The algorithm suppied by 
the manufacturer of the system for continuous linear stress path was 
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Vertical strain 
0 
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3 
4 
Fig. 5.2 Vertical strain distribution below a centre of a circular plate 
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used for running the tests. 'Ihe ccmputer program allows the 
specimen to be taken fran a starting set of stress coordinates to a 
final set of stress coordinates in a series of connecting linear 
stress steps at a specific rate of applied stress. 
All the tests were carried out in drained mode. The specimen in 
all the tests was put under isotropic pressure, oh = 41 0 kPa and a 
back pressure of 400 kPa, rranually before caunencement of the test 
and the back pressure was always fixed at 400 kPa throughout the 
tests. The initial effective vertical and horizontal stresses were 
therefore 1 0 kPa and the rate of application of vertical stress was 
set at 1 00 kPa/hour in all the tests. Prior to shearing, the 
stress state of the specimens were similar to the tests conducted in 
the calibration chamber along isotropic and Ko stress paths. 
5. 2. 2 SPECIMEN PREPA..T{ATION 
Figure 5.3 presents the equipment used for pluvial deposition of 
sand under "water. A sufficient amount of sand was spooned into a 
funnel, while keeping the sand suhnerged. The flow of sand was 
controlled by a clamp fixed on the rubber tubing at the outlet of 
the funnel. The sand was allowed to flow into a measuring cylinder 
filled with distilled water and after the required rate of flow was 
obta{ned the tube was transferred very quickly into the rubber 
membrane and the sand allowed to deposit. The membrane was fixed 
around the pedestal of the Bishop Wesley cell using a pair of 'O' 
rings and surrounded by the fanner which rested on the triaxial 
cell. The former consisted of a three piece split mould, a ring 
to keep it together and the top collar to keep the specimen under 
water throughout the deposition process (Bishop and Eldin, 1953). 
After t.l-}e specimen \Vc1S prepared a clean smooth top cap was then 
placed on the porous stone on top of the sample very gently. The 
specimen was then sealed by means of two '0' rings placed around the 
folded membrane on the top cap. A small negative pore \Vc1ter 
pressure of about 5 kPa was then applied to the specimen by lowering 
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(a) Preparing the specimen 
(b) Testing the specimen 
Fig. 5.3 Automated triaxial testing system (Negative No . 87236/2 - 6) 
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a burette connected to the specimen so as to give the sample 
adequate rigidity for removal of the fonner. The height and the 
diameter of the specimen was then measured three times by means of 
a vernier caliper arrl the average value was recorded. The cell was 
then fixed and filled with water 1 arrl small cell pressure was 
applied to the specimen manually by means of the GDS pressure 
controllers. 
The specimens were prepared to give a measured dry density of 1.51 ± 0.02 Mg/m3 • 
This density was also used in the chamber tests. 
5.3 RESULTS 
5.3.1 INDEXING OF THE TEST RESULTS 
A combination of letters and numbers were used to index the tests. 
The reason for indexing was to indicate for each test the stress 
state and direction of shearing vector after the consolidation 
stage. 
The letters 'NC' were used for normally consolidated specimens, 
while the letters 'OC' represented overconsolidation of the 
specimens with an cx:R = 5. '!be letters 'ISO' represented isotropic 
consolidation, whilst 'Ko' stood for consolidation along a Ko path. 
The number prior to the letters referred to the specimen number, 
while the number following the letters referred to direction of 
shearing vector in terms of the ratio of increase in effective 
vertical stress to increase in effective horizontal stress. 
For example 1 test name 1 -NC-IS0-1 0 means that specimen number 1 was 
normally consolidated along an isotropic path, and during the 
shearing stage the specimen was sheared such that the increase in 
effective vertical stress was 10 times the increase in effective 
horizontal stress (i.e. ov'/ah' = 10/1). 
Table 5. 2 shows the Sl.1111llary of the test series and Figure 5. 4 ｳｨｾＢｳ＠
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Isotropically consolidated 
Normally consolidated Over consolidated 
STRESS PATH TEST NAME STRESS PATH TEST NAME 
OAX NC-IS0-10 OABAX OC-IS0-10 
OAY NC-IS0-3 OABAY OC-IS0-3 
OAZ NC-IS0-1.7 OABAZ OC-IS0-1.7 
Ko consolidated 
Normally consolidated Over consolidated 
STRESS PATH TEST NAME STRESS PATH TEST NAME 
OA'X' NC-Ko-10 OA'B'AX OC-Ko-10 
OA'Y' NC-Ko-3 OA'B'AY OC-Ko-3 
OA'Z' NC-Ko-1.7 OA'B'AZ OC-Ko-1.7 
Table 5.2 Stress paths performed in the Bishop Wesley cell 
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- - ---- ----------------------, 
the stress paths for various tests. 
5. 3. 2 INCREMENTAL DEFORMATIOO MJDOWS I Mt I 
From the test results the incremental deformation modulus Mt was 
calculated and was defined as the ratio of the vertical stress 
increment to the vertical strain increment induced by the stress 
increment: 
Ao 1 
M - v t ---
A&y 
in which: 
. . • . 5. 4 
!::.o ' v change in effective vertical stress (100 kPa) 
Asv change in vertical strain due to Aov' 
5. 3. 3 IsarROPICALLY (l)NSOLIDAT.ED SPECIMENS 
Nineteen tests were carried out on isotropically consolidated 
specimens, ten of which \V'ere performed on overconsolidated 
specimens with an OCR = 5. Shearing camnenced at a stress level of 
crv' = 100 kPa. The specimens were sheared along different 
directions, corresponding to the stress ratios ov'/Oh' = 10/1, 3/1 
and 1. 7/1. 
Table 5.3 summarizes the incremental deformation modulus values 
which were calculated for each 1 00 kPa increment of effective 
vertical stress. Figures 5.5 and 5.6 show typical stress-strain 
relationships obtained from these series of tests. 
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Test name Dry density 
(Mg/m 3 ) 
Mt(MPa) 
Stress range (kPa) 
100-200 200-300 300-400 400-500 500-600 
1-NC-IS0-10 1.53 42 30 23 15 13 
2-NC-IS0-10 1.51 35 30 26 24 14 
3-NC-IS0-10 1.51 37 32 22 13 11 
Average 38 31 24 18 
1-NC-IS0-3 1.53 44 63 74 80 -
2-NC-IS0-3 1.54 55 59 64 80 81 
3-NC-IS0-3 1.52 42 50 59 77 83 
Average 47 58 66 79 82 
1-NC-IS0-1.7 1.53 49 69 74 91 100 
2-NC-IS0-1.7 1.53 50 67 77 83 83 
3-NC-IS0-1.7 1.52 53 77 91 91 100 
Average 51 71 81 88 94 
.· 
1-0C-IS0-10 1.53 50 50 36 29 -
2-0C-IS0-10 1.51 41 . 26 15 15 -
3-0C-IS0-10 1.52 42 31 22 19 11 
4-0C-IS0-10 1.53 55 45 29 19 13 
Average 48 38 25 21 12 
1-0C-IS0-3 1.52 51 57 67 77 83 
2-0C-IS0-3 1.53 60 63 65 65 77 
3-0C-IS0-3 1.51 56 59 61 65 73 
Average 58 60 64 67 80 
1-0C-IS0-1.7 1.54 100 143 143 167 167 
2-0C-IS0-1.7 1.51 100 111 133 135 138 
3-0C-IS0-1.7 1.53 90 100 118 125 118 
Average 97 118 132 142 141 
Table 5.3 Incremental deformation modulus values for isotropic stress paths 
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Fig. 5.5 Typical stress-strain curves for isotropically normally 
consolidated specimens sheared with different incremental 
stress ratios, crv•;oh• (a) 10/1 
(b) 3/1 
(c) 1.7/1 
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Fig. 5.6 Typical stress-strain curves for isotropically overconsolidated 
specimens sheared with the following incremental stress ratios, 
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(b) 3/1 
(c) 1.7/1 
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5.3.4 Ko CDNSOLIDATED SPECIMENS 
Ko normally consolidated specimens were sheared from the stress 
level av' = 100 kPa and a ti = 40 kPa. In the case of 
overconsolidated specimens, overconsolidation was achieved by 
adopting the Ko loading-unloading path used for screw plate tests in 
the calibration chamber. 
Nineteen tests were perfonned on I<o consolidated specimens, nine of 
which were conducted on normally consolidated specimens. For Ko 
overconsolidated specimens, shearing carmenced at ov' = 100 kPa and 
crh' = 100 kPa. 
Finally Table 5.4 summarizes the calculated values of incremental 
deformation mcrlulus for each 1 00 kPa increment of vertical effective 
stress, and Figures 5. 7 and 5. 8 show typical stress-strain curves 
obtained from these series of tests. 
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Test name Dry density Mt(MPa) (Mg/m 3 ) 
Stress range (kPa) 
100-200 200-300 300-400 400-500 500-600 
1-NC-Ko-10 1.53 14 6 
- - -
2-NC-Ko-10 1.53 11 4 - - -
3-NC-Ko-10 1.53 13 5 
- - -.. 
Average 12 5 .. 
- -
1-NC-Ko-3 1.52 32 46 51 83 85 
2-NC-Ko-3 1.53 34 50 63 67 70 
3-NC-Ko-3 1.51 34 46 65 80 84 
Average 34 48 60 77 81 
1-NC-Ko-1.7 1.52 56 69 91 110 
-
2-NC-Ko-1.7 1.53 67 83 100 125 125 
3-NC-Ko-1.7 1.53 63 77 91 100 100 
Average 62 77 94 113 115 
1-0C-Ko ... 10 1.53 95 133 100 38 
-
2-0C-Ko-10 1.51 56 100 56 20 14 
3-0C-Ko-10 1.53 133 111 75 25 17 
4-0C-Ko-10 1.51 67 111 78 34 22 
Average 88 114 77 29 18 
1-0C-Ko-3 1.54 125 118 154 154 133 
2-0C-Ko-3 1.52 111 111 133 133 125 
3-0C-Ko-3 1.53 80 137 136 132 120 
Average 105 122 139 140 126 
1-0C-Ko-1.7 1.52 100 100 125 111 111 
2-0C-Ko-1.7 1.53 91 91 100 100 111 
3-0C-Ko-1.7 1.51 111 100 111 111 123 
Average 101 97 112 108 115 
Tab 1 e 5.4 Increment a 1 deformation modulus values for Ko stress paths 
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6.0 FINITE Era1ENT ANALYSIS 
6. 1 THE MAIN OBJECI'IVES 
The CRISP finite element program was utilised to model a screw plate 
embedded at depth in the calibration chamber. In the finite element 
mesh the screw plate was represented as a 50 mm diameter circular 
plate to which incremental loads were applied and the ｦｯｬｬｾｾｩｮｧ＠
points were investigated: 
1 • Soil deformation pattern 
2. Vertical and radial stress distributions 
3. Stress paths 
In addition to these, the significance of plate rigidity on 
distribution of stresses and induced deformations was considered and 
an investigation of the validity of the geometry of the calibration 
chamber for screw plate testing was carried out. 
6. 2 CRISP OJMPUTER PRc:x:;RAM 
The canputer programs now known as CRISP were originated by a 
research group at the University of Cambridge in 1975. The 
principal authors have been M. Zytynski (1975- 1977), r-1.J. Gunn 
(since 1977) and A. Britto (since 1980). The programs were 
originally called "MZSOL" and later in 1976 they were renamed 
"CRISTINA". Since 1981, they have been known as "CRISP" (Critical 
State Program) • 
The program is able to carry out undrained, drained or fully coupled 
(Biot) consolidation analyses of three dimensional or two 
dimensional plane strain or axisymmetric solid bodies (with 
axisymmetric loading). 
The soil models available in CRISP include: Anisotropic elasticity, 
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inhanogeneous elasticity (properties varying with depth) , Critical 
State Soil M:rlels (Cam Clay and mcrlified Cam Clay) and elastic 
perfectly plastic mcrlels (with Tresca, Von ｾﾷｴｩｳ･ｳＬ＠ ｲｾｨｲＭｃｯｵｬ｡ｮ｢＠ or 
Drucker-Prager yield failure surface). 
Types of element within the programs are: Linear strain triangles, 
cubic strain triangles, linear quadrilateral and the twenty noded 
brick elements (with extra pore pressure degree of freedcrn for a 
consolidation analysis). 
CRISP uses an incremental (tangent stiffness) method for non-linear 
analysis. An option to up:late the ncxlal coordinates with the 
progress of analysis is also available. Nith regard to the boundary 
conditions, element sides can be given prescribed incremental values 
of displacement or excess pore pressures. Loading may be applied as 
nodal loads or pressure loading on element sides. Autcma.tic 
calculation of loads simulating excavation or construction sequence 
when elements are removed or added can also be achieved in the 
program. 
In order to perform an analysis, using the CRISP package, it is 
necessary to subnit at least h·1o computer jobs ¥lhich run canpletely 
separate canputer programs: The "Geanetry Program" and the "Nain 
Program". The Geanetry Program takes the geanetry data i.e. the 
CXX>rdinates of ncxlal points associated with each finite element's 
connectivities, and produces a link file which contains the 
information about the geometry of the problem, a plotting data file 
which can be read by a separate plotting program to plot the finite 
element mesh and an output file which is then sent to the line 
printer to obtain a hard copy of the geanetry data of the problem. 
The main program reads the geometry data fran the linl< file and the 
control data, material properties, in-situ stresses, loads, boundary 
conditions, etc. . . . fran the input file and then carries out the 
analysis and produces an output file \'lhich contains the results and 
which is sent to the line printer to obtain a printout after 
completion of the analysis and plotting data file. 
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6. 3 THE PROORAM PARAMEI'ERS 
6. 3. 1 SO IT.. IDDELS 
Soil models have traditionally been considered to be rigid-perfectly 
plastic solids, and simple calculations have been used to estimate 
the applied loads that would cause collapse. This type of analysis 
is known as limit analysis. For example, bearing cap3.city, 
stability of earthworks and earth pressure calculations are based on 
the above assumption. The rrajor limitations of the limit theorems 
is that it is impossible to deduce the likely deformations of the 
soil either at the moment of collapse, or under working conditions. 
The only way to predict deformation is to employ an elastic analysis 
(Davis.. and Poulos, 197 4) • Therefore, soils were considered to 
behave as elastic perfectly plastic solids with calculations for 
settlements of foundations being carried out separately from these 
to estimate failure loads (e.g. bearing capacity). 
However, the use of the limit equilibrium theorems led researchers 
to look for suitable failure criteria for soils. The yield criteria 
originally developed for metals have been used as failure criteria 
(e.g. Tresca and Von Mises). In their original form, they were 
available for these limited exceptional cases where soil strength is 
independent of the rragnitude of hydrostatic stress I , i.e. during 
undrained behaviour. Modifications are required, however, if they 
are to be applied to the effective stress behaviour of soils. 
Therefore, these yield criteria have been modified to include the 
influence of mean stress, and the Tresca and Von Mises criteria have 
become known as extended Tresca and extended Von Mises respectively. 
The Mohr-Coulomb criterion is the most commonly used yield function 
for soils. This criterion in three dimensional stress space is 
represented by the surface of a hexagonal pyramid whose axis is the 
space diagonal and whose apex is the origin. Lade and Duncan (1973) 
proposed a failure surface which is expressed in terms of all three 
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principal stresses in which: 
I , .... , '+ I , 
2
: U: U;o. 0'3 0'1 0'1 ｕｾ＠
I , , , 3= u1U2U3 
Matsuoka (1974) proposed a failure criterion whiCh was initially 
developed from canplex theoretical derivations and has the form: 
2 
Il l2 
-I- = Constant 
3 
Wroth ( 1984) stated that of the three criteria (Mohr-Coulcmb, Lade 
and Matsuoka), Matsuoka's is the most suitable failure criterion for 
soils because it was initially developed from theory and not fran 
curve fitting of experimental data and it is also expressed in terms 
of all three stress invariants. 
Hence, if the Matsuoka criterion had been available it would have 
been adapted for the analysis of the embedded plate but the 
selection of a soil model was limited to the options available in 
the CRISP package. 
Critical State models were disregarded due to the fact that the 
concept has not been successfully applied to overconsolidated clays 
and cohesionless materials. The critical state merle! has been based 
on extensive experimental observations. The model has been shown to 
predict, with reasonable accuracy, nndrained stress paths and both 
volumetric and shear deformation with drained loading for normally 
consolidated and lightly overconsolidated clays. 
Consequently it was decided to employ a linear elastic-perfectly 
plastic model for the purpose of the analysis. 
A number of investigators have carried out experiments on soils to 
establish the validity of the various failure theories, 
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[Kirkpatrick ( 1957), Roscoe et al ( 1963), Wu et al ( 1966) and 
Bishop (1966)]. Their experimental test results showed that the 
Mohr Coulomb failure criterion gives a reasonable representation of 
the yielding of soils. 
Hence the Mohr-Coulomb criterion was adopted for the purpose of the 
elastic perfectly plastic analyses and an elastic model was used for 
the plate. Preliminary analysis adopted a purely elastic model. 
Elastic analysis was used in conjunction with the elastic-perfectly-
plastic analysis to assess the importance of yielding of the soil 
and also to provide results useful in their own rights. 
6. 3. 2 MATERIAL PROPERTIES 
The program requires the material properties of the soil and the 
circular plate. Data from stress path tests on Ko normally 
consolidated Leighton Buzzard sands with an average dry density of 
1.51 Mg/m3 were adopted in the program data file. An average 
deformation modulus value of 40 MPa was chosen for the soil. 
Typical values of density and elastic modulus of steel were used 
for the plate. Table 6.1 summarizes the material properties which 
were adopted in the analyses. 
Material Properties Sand Steel 
Bulk unit weight (kN/m3 ) 19.5 78.5 
Poisson's ratio 0.3 0.3 
Deformation modulus (MPa) 40 20x104 
Angle of friction ( (lj) 35 
Cohesion, c' 0 
Table 6.1 Material properties 
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6. 3. 3 FINITE ELEMENT MESH AND ELEMENT TYPES 
The finite element mesh used for the analyses is shown in Figure 
6. 1 • rrhe circular plate was represented by 11 elements and the 
loading shaft located centrally above the plate by 2 elements. The 
soil medium was represented by 75 elements. Initially the finite 
element mesh was coarser in the region of high stress concentration. 
Preliminary analyses showed that the mesh was not of adequate 
density to model the effect of plate rigidity. Hence, it became 
necessary to refine the mesh. The soil elements were made very 
fine around the plate in the region of rapidly varying strains and 
stresses and much coarser away from the plate. A single type of 
element was chosen. This was the cubic strain triangular element 
with 15 nodes, 30 degrees-of-freedom and 16 integration pJints 
(Figure 6.2). 
6. 3. 4 BOUNDARY ffiNDITIONS AND IN-SI'IU STRESSES 
The boundary conditions imposed on the mesh were a replica of those 
existing around the calibration chamber specimen and were as 
follows: 
1 ) The bottom of the mesh was not restrained so as to represent the 
pressure imposed by the flexible rubber jack at the base of the 
calibration chamber. 
2) The sides of the mesh were also not restrained in order to model 
the flexible wall of the chamber. 
3) The top ncx:les of the top elements were fixed in both directions 
in order to represent the rigid platen of the calibration 
chamber. 
The in-situ stresses were applied to the nodes along the centre line 
of the mesh. The effective vertical stress was 100 kPa and the 
effective horizontal stress was 40 kPa. The effective vertical 
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Fig. 6.1 The finite element MESH 
(a) General mesh layout 
(b) The mesh in the region of high stress variation 
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1 
2 (a) 
1 
2 (b) 
F. 6 2 Cubic strain triangular element 19. . 
(a) 15 nodes, 30 degrees-of-freedom 
(b) 16 integration points 
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3 
3 
stresses were applied to the oottom of the mesh simulating the 
pressure for the rubber jack at the base of the calibration chamber. 
Variations of the vertical in-situ stresses with depth were 
considered by taking the self weight of the volume of soil into 
account. Stresses were exerted on the vertical ooundaries of the 
mesh to imitate the horizontal stresses applied to the soil in the 
calibration chamber. 
6.4 PROBLEMS OF ANALYSIS 
Initially elastic analyses were carried out.. rrhe loading shaft 
elements were loaded in 1 0 equal increments to 41 • 67 x 1 03 kPa which 
produced an equivalent plate pressure of 600 kPa and the canputed 
settlements and stresses were examined. It was noted that the 
vertical stresses developed within the volume of soil near the plate 
were of lower values than expected. Hence it was decided to check 
the validity of the computer output by calculating the average out-
of-balance vertical force around the plate using Equation 6.1. 
Ideally the value of the out-of-balance force should have been equal 
to 1 .178 kN corresponding to the applied stress of 600 kPa. 
i=n 
F = .l crv .A; 
. 1 1 1= 
in which: 
n = number of increments 
a vi = out-of-b a 1 ance stress 
ri = average radius of the 
(6,.1) 
for increment 
increment 
t· 1 = thickness of the increment 
A; = area of the increment = 2'1Triti 
F = out-of-balance force 
r = 25mm 
Figure 6.3{a) shows the vertical stress distribution computed from 
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the elastic analysis with a modular ratio of 5000. Values relate 
to the compressive stresses immediately below the plate and the 
computed tensile stresses immediately above the plate and the 
loading shaft. The calculated out of balance force for this 
analysis was found to be only 0. 479 kN (an equivalent stress of 244 
k.Pa) • The reason for such an error in the results was believed to 
have been due to a large variation in the stiffness of the plate 
elements, as these elements had an elastic modulus value 5000 times 
greater than the assigned deformation modulus of the soil. 
Therefore during computational analyses round off errors and 
truncation errors were developed because the computation was carried 
out only to six significant figures. 
In order to confirm the above findings ｴｶｾ＠ further analyses were 
carried out in which the modular ratio Ep/Es was reduced from 5000 
to 1 000 and 1 00 and the out-of-balance force was calculated for each 
analysis. Figures 6.3(b) and (c) and Table 6.2 presents the summary 
of the elastic analyses using the single precision version of CRISP. 
Elastic modulus ratio 
EpJate /EsoiJ 
5000 
1000 
100 
Out-of-balance stress 
(kPa) 
244 
451 
529 
Table 6.2 Elastic analyses, single precision 
It is clear from Table 6.2 that the degree of computational error 
represented by the calculated average out-of-balance stress reduced 
as the modular ratio Ep/Es was reduced. 
Hence it became necessary to carry out the analyses using a double 
precision version of the program. In this version of the program 
arithmetic operations were carried out to 12 significant figures 
instead of six significant figures in ｾｾ･＠ single precision version 
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(a) 
(b) 
of the program. Figure 6.4 illustrates the vertical stress 
distribution around the plate. The calculated out-of-balance 
stress for modular ratios of 5000, 1000 and 100 were 600, 578 and 
575 k.Pa respectively (limit of accuracy of calculations is less than 
5%). 
Hence it can be concluded that by adopting the double precision 
version of the program, the computational errors were reduced 
significantly and the computed out-of-balance stresses were within 
an acceptable range. 
Finally, Figure 6.5 presents the relationship ｢･ｴ｜ｾ＠ computed 
centreline displacement of the plate and applied stress for elastic 
and elastic-perfectly-plastic analyses using the single precision 
version and the double precision version of the program. In the 
case of the single precision version of the program the slope of the 
pressure-settlement curve for the elastic perfectly plastic analysis 
deviated away fran the elastic analysis from the initial stages of 
loading. However, in the double precison version of the program 
the slope of pressure-settlement curve for the elastic perfectly 
plastic analysis was common to the elastic analysis up to the 
pressure of aoout 1 80 k.Pa, from which point higher settlement 
values were noted when an elastic-plastic soil model was used. It 
can be seen that smaller errors in displacement arise from the use 
of the single precision elastic-perfectly-plastic analysis than from 
the use of the single precision elastic analysis. 
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6.5 ANALYSES OF ｾ＠ EMBEDDED PLATE 
The double precision elastic perfectly plastic soil model was 
employed for the purpose of analyses. Loads were applied to the 
plate in 1 0 equal increments. Incremental settlement of the plate 
and vertical and horizontal stress distributions were studied. 
6. 5. 1 ｾ＠ DEFOffi.'IATION MJDULUS VALUES 
Table 6.3 summarizes the deformation modulus values calculated from 
the ccmputed incremental settlement of the plate by using Equation 
4.1. For the first three increments the deformation modulus values 
for the elastic perfectly plastic analyses were in the region of the 
deformation modulus value of 98 ｾｗ｡＠ obtained from the elastic 
analysis. 
Equivalent Centre line vertical 
Plate pressure displacement of the Ec 
(kPa) plate ( l1 ) (MPa) 
0 0 --
60 28 98 
120 56 98 
180 85 97 
240 118 93 
300 154 89 
360 200 82 
420 251 76 
480 306 71 
540 361 68 
600 421 65 
600 280 98 elastic analysis 
Table 6.3 Cbmputed deformation modulus values 
The modulus of deforrnation value for t.l"le first load increment v1as 
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2. 45 times greater than the assigned value of 40 MPa, and even for 
the next 5 load increments the deformation modulus values were 
greater by at least a factor of 2. This high deformation modulus 
value partly resulted from the fact that some of the applied load 
tended to cause unloading of the soil al:ove the plate (see stress 
paths and stress distributions in the later sections), and that the 
assumption of Equation 4.1 (which assumes loading only, underneath 
the plate) is incorrect. 
In the non-linear elastic-perfectly-plastic analysis it \VciS 
necessary to ensure that the loading increments were of sufficient 
numbers to avoid ill conditioning of the finite element equations. 
CRISP calculates the incremental displacements using a tangent 
stiffness approach i.e. the current stiffness properties are based 
on the stresses at the start of each increment. t'fuile it is 
desirable to use as many increments as possible to obtain accurate 
results, the escalating computing time and escalating disc space 
that it entails inevitably means that sane comprcmise must be made 
between accuracy and computing time. 
In order to ensure that the 1 0 load increments were sufficiently 
accurate for the purpose of analysis a single job was submitted to 
the computer and the number of load increments increased fran 1 0 to 
25. The computed pressure-settlement behaviour was similar for the 
two analyses, as shown in Figure 6. 6. At an equivalent plate 
pressure of 600 kPa the computed settlement from the analysis with 
the 25 load increments \'las only 8% greater than the analysis with 10 
load increments. 
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Fig. 6.6 Influence of the number of load increments on the computed 
pressure-settlement relationship 
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6. 5. 2 SIRFSS DISTRIBtn'IOOS 
Figure 6.7 presents the vertical stress distributions immediately 
below and above the plate at an equivalent plate pressure of 600 
kPa. Immediately above the plate full unloading of the in-situ 
stresses occurred which led to canplete loss of strength. 
]mmediately underneath the plate the magnitude of vertical stresses 
remained at a constant average value of about 430 ±10 kPa up to a 
point 21.7 rrm away fran the centreline of the plate. A\'la.Y fran 
this point towards the edge of the plate an increase in the canputed 
vertical stresses was noted and at the last integration point near 
the edge of the plate the peak vertical stress was about 725 kPa. 
A plotting program was written to plot the contours of stresses arrl 
displacements in terms of percentage of the maximum value calculated 
using Gino-surf subroutines. The listing of this program is 
presented in Appendix A. The stress distributions and deformation 
patterns are shown as a percentage of the maximum value canputed. 
Figure 6.8 presents the vertical stress distribution. Due to 
high stress variations near the plate the contours were not very 
clear. Therefore it was decided to limit the contouring scale by 
concentrating in the region of high stress variation in the vicinity 
of the plate as shown in Figure 6.9. 
Figures 6. 1 0 and 6. 11 present the contours for horizontal stresses 
and shear stresses. The maximum horizontal stress of 319 kPa 
occurred near the edge of the plate, whilst the maxinu.un shear stress 
of 192 kPa occurred at a point just below the plate near the edge. 
Displacement contours are shown in Figures 6.12 and 6.13. The 
vertical axial displacement, as er"{J:)ected, was greatest underneath 
the plate at the centre (iov max = 421 m). A gradual decrease in 
the vertical displacement with depth was noted. At the edge of the 
plate the displacements were only 85% of the maximum displacement at 
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Fig. 6.9 Vertical stress contouring profile presented as a percentage of maximum 
value computed 
Radius of the plate, r, is 25mm 
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2r 
the centre of the plate. 
The maximum horizontal displacement of the soil was about 1 OOll m .. The 
pattern of radial deformation indicated a tendency for the soil to 
move downwards towards the edge and then upwards outside the plate 
perimeter. 
6.5.3 STRESS PATHS 
Stress paths for four integration !X)ints at various deptJ1s below the 
plate and on a horizontal plane immediately above the plate are 
shown in Figures 6. 1 4 - 6. 1 7. The Ko line and the failure envelope 
(Kf) were also superimposed on these figures in order to understand 
the stress state of the soil after application of each increment of 
load. For Ko canpression q/p' equals 0. 429 and for Kf, q/p' equals 
:t0.574. The Kf value was calculated fran Equation 6.2. 
1 - ｳｩｮｾＧ＠Kf = 
1 + ｳｩｮｾＧ＠
. . . . 6. 2 
Figure 6.14 sho'tvs the stress paths on a horizontal plane just under 
the plate. The paths followed by the strained soil elements 
immediately under the plate seemed to be near to the Ko path but 
ah:>ut 5 mm away from the edge of the plate (Figure 6. 1 4d) the 
failure envelope was reached at an equivalent plate pressure of 420 
kPa. 
Figure 6.15 shows the stress paths for the soil elements at a depth 
below the plate equal to one radius and it is clear from this figure 
that all the elements reached the failure envelope Kt. The failure 
envelope was first reached near the centre of the plate at an 
equivalent plate pressure of 240 kPa (Figure 6.15(a)) and upon 
further application of load the failure envelope was eventually 
reached by all b'"le soil elements (Figures 6. 1 5 (b) , (c) and (d) ) • 
Figure 6.16 illustrates the stress ｰ｡ｌｾｳ＠ at a depth equal to twice 
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the radius. It is clear from Figure 6.16(a) that as the plate 
stress increased the stress path tended towards the failure envelope 
and on the sixth increment of load failure seemed to have occurred. 
However, upon application of next increment of load the increase in 
the mean normal stress· was greater than the previous increments with 
no corresponding similar increase in the shear stresses. Hence the 
stress path deviated from the failure envelope Kf. Similar 
behaviour can also be noted in Figures 6. 1 6 (c) and 6. 1 6 (d) • 
Figure 6.17 shows the stress paths on a horizontal plane irrmediately 
above the plate. From the initial stages of incremental loading the 
in-situ stresses above the plate were unloaded and when the applied 
pressure reached 240 kPa complete unloading of the in-situ stresses 
were achieved (Figures 6. 17 (a) , (b) and (c) ) • D..ttside the perimeter 
area of the plate about 5 mm away from the edge a complex stress 
path was observed. For the first two increments of load a slight 
increase in the shear stresses was noted followed by an increase in 
the mean normal stresses with a corresponding decrease in the shear 
stresses (i.e. the third increment) • Then a reduction in mean 
normal stress was observed until the failure envelope was reached. 
Finally for the last four increments the stress path initially moved 
away from the failure envelope and then reached it at a higher 
stress level before deviating away from it again. 
6. 5. 4 INFLUENCE OF AN INrnFJ.\SE IN THE (ll\lF'INING PRESSURE 00 THE 
cn.1PUTED SOIL STIFFNESS 
One analysis \vas carried out in which the in-situ horizontal 
stresses were increased from 40 kPa to 100 k.Pa. Hence the stress 
state of the soil was changed from a Ko stress space to an isotropic 
stress state. Table 6.4 compares the computed deformation modulus 
values for Ko and isotropic stress state. 
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1110 
Equivalent Ko Isotropic 
Plate pressure (Ec) (Ec) 
(kPa) (MPa) (!@a) 
60 98 98 
120 98 98 
180 97 97 
240 93 93 
300 87 85 
360 82 81 
420 76 78 
480 " 71 74 
540 68 72 
600 65 69 
Table 6. 4 Influence of radial stress on the canputed soil 
stiffness 
No change in the calculated defonnation modulus values \'/ere noted up 
to an equivalent plate pressure of 300 kPa. At higher pressures 
the increase in the in-situ horizontal stresses caused a slight 
increase in the calculated deformation modulus values. At an 
equivalent plate pressure of 600 kPa the isotropic deformation 
mcrlulus was only greater by 6% of that calculated fran the !<o stress 
state analysis. 
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6. 5. 5 INFLUENCE OF ASSIGNED DEFORMATION 1-DDULUS ON THE <DMPUTED 
SOIL STIFFNFSS 
A series of computer runs were carried out in order to investigate 
the effect of variations in the assigned deformation modulus of the 
soil on the computed deformation modulus values. The analyses were 
performed by incorporating the assigned soil deformation modulus 
values of 1 0, 20 and 400 t..u?a. The elastic modulus of the plate 'i'/as 
changed in each canputer ·run to corresp:::md to a rnodular ratio Ep/Es 
of 5000. Table 6. 5 compares the computed deformation modulus values 
for Ko and isotropic stress state. 
Esoil (t·1Pa) 
Plate pressure 10 20 40 400 
(kPa) Ec/Esoil 
60 2.40 2.40 2.45 2.45 
120 2.40 2.40 2.45 2.41 
180 2.40 2.40 2.43 2.38 
240 2.30 2.30 2.33 2.31 
300 2.20 2.20 2.22 2.22 
360 2.00 2.00 2.05 2.05 
420 1 .90 1.90 1.90 1.90 
480 1.80 1.80 1.78 1.79 
540 1.70 1.70 1.70 1.70 
600 1.60 1.60 1.63 1.62 
Table 6.5 The effect of soil deformation modulus on the 
canputed modulus Ec 
It can be observed fran this table that for the first load increment 
the ratios Ec/Esoil were in the range of 2.4 - 2.45. Similarly for 
the last load increment this ratio \ATas within the range of 1 • 6 -
1.62. Therefore the results show that soil stiffness had no effect 
on the resulting behaviour. 
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Finally one further cc:mputer nm was carried out in which the soil 
rncdulus of 1 0 MPa was used and the true elastic modulus of the plate 
was adopted and hence the rncrlular ratio Ep/Es was 20, 000. 
Table 6. 6 cc:rnpares the calculated defonnation mcrlulus values frcm 
this analysis with the analysis in which the modular ratio Ep/Es was 
5000. 
Plate pressure Ep/Es = 5000 Ep/Es = 20,000 
(kPa) Ec Ec 
60 24 27 
120 24 27 
180 24 26 
240 23 25 
300 22 24 
360 20 22 
420 19 21 
480 18 19 
540 17 18 
600 16 17 
Table 6.6 Influence of plate stiffness on the computed soil 
stiffness (Esoil = 10 MPa) 
On average the calculated deformation modulus values were greater by 
only 2 ｾＱｐ｡＠ and therefore further stiffening of the plate has little 
measurable effect on the pressure-settlement behaviour. 
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6. 5. 6 INFLUENCE OF THE SIZE OF CALIBRATION OW·1BER 00 THE 
RESULTING ｐｒｅｓｓｕｒｅＭｾＱｅｎｔ＠ RElATIONSHIP 
A series of computer FUnS were made in order to investigate the 
effect of the boundary conditions of the calibration chamber on the 
analyses of the embedded plate. Initially four computer runs were 
suhnitted in which the radii of the calibration chambers were 55 rn:n, 
110 mm, 440 nun and 880 nm, v1hile L'1e height of the chamber was 
kept equal to 650 nm. Table 6. 7 and figure 6.18 show the results 
of this study in terms of the computed centreline settlement of the 
plate. 
Centreline settlement of the plate (urn) 
Radius of the calibration chamber (rrrn) 
Equivalent 55 110 220 440 880 
Plate pressure 
(kPa) 
60 104 42 28 25 23 
120 207 84 56 50 45 
180 312 127 85 76 69 
240 421 173 118 104 95 
300 549 227 154 137 126 
360 687 286 200 177 162 
420 850 355 251 233 203 
480 7700 426 306 272 247 
540 7569 502 361 322 292 
600 8576 582 421 376 339 
Table 6.7 Influence of diameter of the calibration chamber 
on e1e plate settlement 
The results demonstrated that as the radius of the calibration 
chamber v1as reduced from its actual size (i.e 220 rom) greater plate 
ｳ･ｴｴｬ･ｾ･ｮｴｳ＠ were observed. As the radius of ·the calibration 
chamber \'las reduced to 55 mm, at an equivalent plate pressure of 
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- -- ---·---------------------"! 
480 kPa the horizontal stresses at the vertical boundaries of the 
chamber exceeded the in-situ stress of 40 kPa and hence very large 
plate settlements were observed. 
Increasing the radius ·of the chamber to 440 mm fran 220 mm reduced 
the plate deformations by 11%. Increasing the radius of the 
chamber to 880 rrm reduced the plate settlement by about 1 9%. 
Two further analyses \'lere also carried out in which the depth of the 
soil belON the plate was changed to 700 rrm and 175 nm respectively 
whilst b'1e radius of the chamber ".ras kept at 220 mn. Table 6.8 
shows the results of the analyses and it can be concluded that 
within t.l'le range investigated, the depth of the soil ｢･ｬｾＮＬ＠ the plate 
had no influence on the computed settlement. 
Centrleline settlement of the plate (urn) 
Depth of soil belCM the plate (mn) 
Equivalent 175 350 700 
Plate pressure 
(kPa) 
60 28 28 28 
120 56 56 56 
180 85 85 85 
240 118 118 118 
300 154 154 154 
360 200 200 200 
420 251 251 251 
480 306 306 306 
540 361 361 361 
600 421 421 421 
Table 6.8 Influence of height of calibration ｣ｨＦｾ＠ on the 
plate settlement 
134 
7. 0 DISOJSSION OF RESULTS 
In this chapter the results obtained during the research programne 
will be discussed. The results of screw plate tests and triaxial 
stress path tests are brought together and where appropriate they 
are canpared with the numerical analyses. 
The complete set of data obtained throughout the testing programme 
are shown graphically in Appendices B and c. 
7. 1 ｓｾｅｗ＠ PLATE PENETRATICN TEST RESULTS 
Chapter three presented the method by which penetration tests were 
performed in order to measure the free penetration capabilities of 
the three screw plates with different pitches. As mentioned 
earlier in Chapter three, the low pitch plate advanced by the 
greatest percentage of its pitch per revolution (greater than 90%). 
The penetration test results for each screw plate are shown in 
Figures 7 •. 1 - 7. 3. The tests were repeated three times in order to 
assess the consistancy of the results. Penetration tests with the 
23.5 mm pitch plate showed that this plate would initially advance 
by about 13.5 - 18.1 mm per revolution (Figure 7.1 ) • But the rate of 
penetration of the plate improved considerably until at a depth of 
about 100 mm, the plate advanced by 80-90% of its pitch per 
revolution. Fran this depth downwards the rate of penetration 
remained on average at about 85% of its pitch per revolution. 
The tests with the 12.5 mm pitch plate revealed an unusual pattern 
of penetration (Figure 7.2). This plate initially advanced on 
average by 80 - 85% of its pitch per revolution, but at greater 
depth the plate capability to move further downward considerably 
reduced. This phencmenon is visible in all the tests perfonned 
with this plate. The depth at which the penetration of the plate 
reduced to its min.irtrum value of al::x:>ut 2 • 7 rrun ( 22% of its pitch) per 
revolution was different for different tests. In test No. 1 the 
least penetration of the plate per revolution was observed at a 
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depth of 244 nun, ｾＱｨｩｬｳｴ＠ in tests 2 and 3, this depth was 350 rrm 
and 370 mm respectively. 
Penetration tests with the 5 mm pitch plate showed that this low 
pitch plate on average advanced by over 90% of its pitch per 
revolution (Figure 7 .3) and this rate of penetration remained at 
about the same level throughout the depth of the specimen. 
This series of tests showed that the amount by which each screw 
plate could move freely downwards into the soil during rotation was 
considerably different. Frictional resistance acting against the 
dCMnward mvement of a ｳ｣ｲ･ｾＱ＠ plate in sand seemed to be negligable. 
This is quite clear fran Figures 7. 1 and 7. 3, in which the 
percentage pitch penetration of the plates remained relatively 
constant throughout the depth of the specimens. 
The cause for the initial smaller penetration of the 23.5 mm pitch 
plate is not clear. However, by comparing the results of this plate 
with the results of 5 rmn and 1 2 • 5 mm pitch plates, it could be 
suggested that the diameter of the shaft immediately above the plate 
may influence the initial penetration capability of a screw plate 
(the diameter of the shaft immediately above the 23.5 mm pitch plate 
was 1 2. 5 rrm, whereas the diameter of the shaft irranediatel y above the 
5 mrn and 1 2. 5 rmn pitch screw plates was 6mm) • 
The shafts irmnediately above both the 5 mm and 12.5 mm pitch screw 
plates were 6 mm in diameter. Hence both these plates had a 
similar geometry except that the pitch of the former plate was 
greater than the latter one. The reason for the smaller 
penetration of the 12. 5 nun pitch screw plate could only be due to 
the size of its pitch in relation to its diameter. Therefore at 
depth, this plate is unable to displace the sand ufMards and it may 
cause local shear failure and eventually the plate may rotate on the 
sand surface without penetrating any further. 
The pitch of a screw plate has a significant influence on its 
penetration capability. The test results showed that the depth of 
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advancement per revolution was not the same for different pitch 
plates. For example, the 12. 5 nun pitch plate advanced on average 
by about a maximum distance of 1 0 mm per revolution, whereas the 
23.5 mm pitch plate advanced on average by about a maximum distance 
of 20 nun per revolution. Hence by increasing the pitch of the 
screw plate from 1 2. 5 mm to 23. 5 mm, the maximum depth of 
penetration per revolution of the plate increased by about 1 0 mm. 
Consequently there was not a corrrnon peak penetration distance per 
revolution achieved for the screw plates. 
Figure 7. 4 presents the measured torque required to advance the 5 
mn, 12.5 rrm and 23. 5 mm pitch screw plates into the sarrl. '!be 
torque required to advance the 5 mm pitch plate was in the range of 
12000 - 14000 Nrrm. For the 12.5 mm pitch plate, the measured 
torque \'laS about 18000 Nnun for the initial high rate of penetration. 
Finally, for the 23.5 nun pitch plate the measured torque was 
greatest at 22000 Nrrm. Therefore the torques required to advance 
the 1 2. 5 mm and 23. 5 mm pitch plates were 1 • 4 and 1 • 7 times 
greater than the 5mm pitch plate. This increase in the measured 
torque could be due to the fact that as the pitch of the plate 
increases a greater torque is required to shear the soil in order to 
displace it upwards. 
Finally, the measured torque required to advance the 12.5 mm pitch 
screw plate was continuously reduced at depths greater than about 
250 nun below the surface. '!his continuous reduction corresponded to 
the similar pattern of reduction in the rate of penetration of the 
plate for the same depth of penetration (see Figures 7.2 and 7.4). 
Consequently the above results could further support the possibility 
that, at depth, the tapered edge of the screw plate displaced less 
soil and the required measured torque v1as reduced which led to a 
reduction in the rate of penetration of this plate. 
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7. 2 INFLUENCE OF PLATE RIGIDITY 
A screw plate is required to be rigid enough to avoid buckling and 
bending of the plate during installation and during the loading 
stage of the test. The degree of rigidity of a plate also 
influences the soil deformation and stress distribution developed 
underneath the plate. Chapter Six presented the results of computer 
analyses for embedded plates of different flexural rigidities. 
Figure 7. 5 presents the distribution of vertical stresses for an 
equivalent plate pressure of 600 kPa, along a horizontal section 
inmediately beneath the three buried plates of 50 mm diameter and 3 
mm in thickness, in a soil with an initial vertical stress of 1 00 
kPa. Fach plate possesses a different mcrlular ratio Ep/Es (Ep/Es = 
E plate/E soil). Figure 7.5 shows that as the modular ratio 
decreases, the induced centreline vertical stresses increases and 
also the vertical stresses near the edge of the plate decrease 
significantly. When the modular ratio is 5000, the vertical 
stresses developed immediately beneath the plate near the centreline 
are about 420 kPa and near the edge are over 720 kPa. However, as 
the mcxlular ratio Ep/Es decreases to 1 000 and 1 00, the centreline 
vertical stresses increase to over 700 kPa and 2000 kPa, and near 
the edge the vertical stresses decrease to 540 kPa and 1 00 kPa 
respectively. Therefore it is expected that the settlement profile 
of each plate will be different under ｳｾｩｬ｡ｲ＠ applied loading 
conditions. This is clearly evident from Figure 7. 6 which 
illustrates the pattern of soil deformation immediately below the 
plates. As the modular ratio Ep/Es increases, the canputed 
centreline deformations and differential ·settlements decrease 
significantly. 
Because settlements are measured only on the centreline, and from 
these analyses, it can be concluded that the rigidity of a screw 
plate can have a profound influence on the calculated deformation 
modulus values and if the plate is not sufficiently rigid, screw 
plate test results could show an underestimation of the deformation 
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------------ .... . 
modulus of the soil. 
Selvadurai and Nicholas (1979) suggested Equation 7.1 to define the 
flexural rigidity of a screw plate in terms of the plate and soil 
elastic parameters: 
R = n ( 3 - "s )( 1 + "s ) §> ( t I r ) 3 
12(1 - "p)(l - "s) Es 
in which: R relative rigidity of the plate 
"s Poisson's ratio for soil 
"P Poisson's ratio for plate 
Es deformation modulus for soil 
Ep deformation modulus for plate 
t plate thickness 
r plate radius 
Equation 7.1 can be simplified into: 
(Ep/Es) : modular ratio 
(t/r) : aspect ratio 
. . . . 7.1 
• • • • 7. 2 
In this study the relative rigidity factor R1 -v1as used to show the 
effect of varying plate stiffness on the resulting deformation 
modulus values computed from the analyses. The R' values were 
firstly calculated for plates with a fixed aspect ratio t/r of 0.12 
but with different modular ratios Ep/Es (Table 7.1a). These R' 
values were then used to calculate the equivalent aspect ratios t/r 
for different plates with a fixed modular ratio Ep/Es of 5000 (Table 
7.1b). Figure 7.7 summarises the relationship between modular 
ratio Ep/Es and the plate aspect ratio t/r obtained by this method. 
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Ep/Es R' 
20000 34.560 
5000 8.640 
4000 6.912 
3000 5.184 
2000 3.456 
1000 1.728 
100 0.173 
Table 7.1 a R' values for plates with different modular 
ratios but with a fixed aspect ratio t/r = 0.12 
R' t/r 
34.560 0.190 
8.640 0.120 
6.912 0.111 
5.184 0.101 
3.456 0.088 
1.728 0.070 
0.173 0.032 
Table 7.1b Equivalent aspect ratios t/r for plates with 
different relative rigidity factor R' but a fixed 
modulus ratio Ep/Es of 5000 
As mentioned earlier in Chapter Six, the assigned deformation 
modulus of the sand model was 40 MPa. The centreline settlements 
computed from the elastic analyses of the embedded plates with 
different modular ratios were utilised in order to calculate the 
elastic deformation modulus of the sand using Timoshenko and 
Goodier's Equation (Equation 4.1). 
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Table 7. 2 surrmarises the results of this study. '!he calculated 
deformation modulus value for the plate with a modular ratio of 5000 
is 2.45 times the assigned deformation modulus value of 40 MPa. 
This factor decreases·as the modular ratio of the plate is reduced. 
Modular ratio 
Ep/Es 
calculated elastic deformation modulus 
(MPa) 
5000 
1000 
100 
98 
71 
41 
Table 7.2 Cbrnputed elastic modulus values 
Such high elastic deformation modulus values at high plate 
stiffnesses are partly due to unloading of the soil mass above the 
plate, the remainder being due to shear at the edge of the plate. 
This unloading phenanenon is due to the existance of full bond 
between the soil and the plate elements. For the first few 
increments of load, unloading of the in-situ stresses of the soil 
above the plate occurs and hence the plate settlement is less than a 
similar plate loaded at the surface. Therefore the deformation 
moduius values calculated using Equation 4.1 would be higher than 
that ｜ｾｨ･ｮ＠ the plate is loaded at the surface. 
Figure 7.8 presents the calculated deformation modulus as a 
percentage of the assigned deformation modulus values of the soil 
against the aspect ratio of each plate, 
the results obtained from equation 7.2. 
obtained by incorporating 
This figure also shows the 
aspect ratios of three screw plates developed by other researchers. 
Clearly, the plates used by other researchers seem to have low 
aspect ratios, which would indicate the plates do not behave as 
stiff plates. From Figure 7.8 it may be wrongly concluded that the 
aspect ratios suggested by Schmerbnann ( 1 970) would lead to the 
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nearest estimation of the deformation modulus value. However, due 
to unloading of the soil mass above the plate and the pattern of 
stress distribution immediately beneath the plate, it is expected 
that the elastic deformation modulus computed from the simple 
Timoshenko and Goodier surface loading equation of the soil will be 
greater than the assigned value. 
Theoretical elastic solutions suggest that the settlement of an 
embedded plate is significantly less than that of a surface plate 
(Nishida, 1966). Consequently the deformation mcrlulus values 
calculated from an embedded plate, such as that of a screw plate, 
would be greater. Therefore if plate loading tests are conducted 
at depth on a screw plate of low flexural rigidity such as that of 
Schmerbnann' s plate, it may become necessary to implement a 
correction factor to the measured plate settlement, in order to be 
able to take into account the behaviour of an adequately rigid 
plate. Also the depth and the density of the soil above the plate 
would have a significant influence on the pressure-settlement 
behaviour of an adequately rigid plate. Consequently it may become 
essential to introduce further correction factors in order to take 
into account the depth of advancement of the plate prior to the 
loading stage of the test and the density of the soil above the 
plate for calculating the deformation modulus value of the soil. For 
example, the analysis regarding the embedded plate with a modular 
ratio Ep/Es = 5000 showed that the initial deformation modulus of 
the soil is 98 MPa; hence the correction factor required in order 
to take into account the depth and the density of the soil above the 
plate is 0.408 (i.e. 40/98). 
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7. 3 OI'HER FACIORS INFLUENCING Sami PIATE TEST RESULTS 
The necessity for the advancement of a screw plate to equal its full 
pitch per revolution is a classical problem facing researchers 
working with the instrument. Janbu noted that the full penetration 
of the screw plate per revolution was not achieved, when he used his 
N.G.I instrument in granular soils. He noted that 28 revolutions per 
meter penetrated were required instead of 22 (Geonor Instruction 
Manual). Schmertmann (1970) also reported that he was not able to 
control the advancement of the screw plate, such that its downwards 
movement per complete revolution equalled its pitch in a loose sand 
deposit without adding significant and undesirable vertical thrust 
to the torque (an advance rate of not less than half the pitch 
required a vertical thrust of up to 227 kg) • Kay ( 1980) introduced 
the threaded rod mechanism by which the plate can be forced to 
advance at one plate pitch per revolution. However, if a plate 
loading test is conducted at shallow depth, where the magnitude of 
overburden stresses are small, the controlled method of advancement 
may lead to preloading of the soil and significantly alter its 
compressibility characteristics. 
The screw plate penetration test results reported in Section 7.1 
were conducted using the single shaft system. The shaft beyond the 
plate is 16 mm, which corresponds to a shaft diameter/plate 
diameter ratio of 0.32. From Figures 7.1 - 7.3, it is possible to 
observe that the screw plates were not able to advance by their full 
pitch per revolution. One of the reasons for the plates not being 
able to advance by their full pitch per revolution is probably the 
penetration resistance encountered upon the entry of the shaft above 
the plate into the soil. Hence, because of this resistance, the 
screw plates cannot pull themselves downward into the soil by one 
full pitch per revolution. This phenanenon is more clearly observed 
in the results of-screw plate penetration tests using the double 
shaft system. The diameter of the outer rod of the double shcift 
system is relatively large compared to the diameter of the plate 
(diameter of the shaft/ diameter of the plate = 0. 65) . Figure 7. 9 
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presents the results of penetration tests using the double shaft 
system. As the outer shaft reached the disturbed soil zone at a 
depth of about 150 lllll, the penetration efficiency of the plate was 
dramatically reduced, due to the fact that at this depth the screw 
plate could not pull the outer shaft into the soil and hence the 
plate was unable to advance any further. 
If the penetration capability of a screw plate is related to the 
degree of soil disturbance, then it is possible to state that the 
low pitch screw plate causes the least disturbance upon entering the 
soil. Table 7.3 presents the most suitable combination of the 
geometric parameters obtained from the numerical investigation and 
the experimental study. 
Pitch/diameter ratio 
Diameter of the shaft above the plate 
Diameter of the plate 
Table 7.3 The most suitable canbination of the geanetric 
parameters obtained fran this study. 
8.64 
0.1 
0.32 
The results of plate loading tests on isotropically and Ko normally 
consolidated specimens tend to indicate that the controlled method 
of advancement of the plate may reduce the effect of bedding errors. 
Table 7.4 presents measured plate settlement values for the first 
increment of applied load for different tests. 
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Test name \Si Test name \Si Test name \Si Test name \Si 
(JJm) ( lJffi) (JJm) (lJm) 
1F300NCISO 19 1F3000CISO 23 1F300NCKo 23 1F3000CKo 2 
2F400NCISO 19 2F4000CISO 2 2F400NCKo 24 2F4000CKo 4 
3C300NCISO 4 3C3000CISO 5 3C300NCKo 6 3C3000CKo 13 
4C400NCISO 2 4C4000CISO 17 4C300NCKo 3 4C3000CKo 
6i 
NCISO 
OCISO 
NCKo 
OCKo 
5C400NCKo 1 5C4000CKo 
Plate settlement for the first increment of applied load 
Normally consolidated isotropically specimens 
Isotropically overconsolidated specimens 
Ko normally consolidated specimens 
Ko overconsolidated specimens 
1 
2 
Table 7.4 Measured plate settlement values for the first increment of 
app 1 i ed load 
For normally consolidated specimens, the measured plate settlement 
frcm the tests in which the scre\'l plate was moved downward under ｾ･＠
controlled advancement mode 'tTas in the range of 1 - 6 JJ m, whereas 
for the tests in which the plate was allowed to advance freely, the 
measured plate settlement was in the range of 1 9 - 24 lJffi. However 
this J?attern of behaviour is not supported by the results of the 
plate loading tests conducted on overoonsolidated specimens. 
It might be suggested that the controlled method of advancement was 
a suitable way of installing the plate into the soil and reducing 
the effect of bedding errors. However, -in oraeF--to ensure that 
the soil underneath the plate is not prestressed upon installation, 
it is essential to ensure that the screw plate can advance by a 
reasonable percentage of pitch per revolution when allowed to move 
､ｾＧｬｮｷ｡ｲ､ｳ＠ under its own impetus. The results of this study could 
be interpreted. either as a reduction of bedding error, or of an 
increase in modulus due to prestressing. 
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7. 4 INTERPRErATION OF SCREW PLATE TEST 
The stress-strain behaviour of granular soils is complex and depends 
on a number of factors such as: relative density, confining 
pressure, shear stress level, stress history 1 cementation, 
stress paths and other factors. The parameters describing the 
stress-strain behaviour of soils can be evaluated by means either 
of laboratory or in-situ testing. Jamiolkowski et al ( 1 988) 
､ｩｶｩ､･､ ｾ＠ the use of in-situ testing results in geotechnical design 
into two distinct approaches. 
(a) A direct approach which gives the opportunity to pass directly 
from in-situ measurements to the performance of foundations without 
the need to evaluate any intermediate soil parameters. The direct 
approach leads to empirical methods in which quality is strictly 
linked to the number and quality of the case records upon which the 
approach has been established (See Burland and Burbidge 1985). 
(b) An indirect approach which leads to interpretation methods that 
allow evaluation of the parameter describing the stress-strain, 
strength or consolidation behaviour of soils. This approach, 
although basically more sound and rational than the direct approach, 
suffers from the fact that it requires the solution of very complex 
boundary value problems. Even in this category the assumptions 
adopted for the solution of these complex boundary values differ 
significantly. For instance 1 with sane types of insi tu tests such 
as self boring pressuremeter test, it is assumed all the soil 
elements strained during the test follow very similar effective 
stress paths. Therefore, with appropriate assumptions about the 
drainage conditions during the test and the stress-strain 
relationship of the tested soil, it is possible to evaluate 
deformation and strength characteristics (Mair and Wood, 1987). In 
the other types of in-situ tests such as plate loading tests, screw 
plate tests and cone penetration tests, the strained soil elements 
follow different effective stress paths depending on the geometry of 
the problem and on the magnitude of applied load. In this case a 
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rational interpretation of the test is very difficult and 
comparisons between the results obtained from this kind of test and 
the results obtained from typical soil elements tested in the 
laboratory is far from straight-forward at the present time. 
The use of in-situ tests such as the screw plate test could perhaps 
result in a more accurate evaluation of soil parameters. In such a 
test the strained soil elements beneath the plate are very likely to 
follow similar effective stress paths to those followed by the soil 
elements beneath a loaded foundation. However, as has been seen, 
interpretation of such a test still entails a high degree of 
complexity and any use of the test is likely to be of a 
semi-empirical · nature. 
The computational analyses regarding the soil structure interaction 
of an embedded plate illustrated that the pressure-settlement 
response was very sensitive to plate stiffness. In Chapter Six, it 
was shown that the stress paths followed by the soil at different 
depths below the plate were remarkably different. Figures 7.1 0 -
7. 1 2 show the stress paths in tenus of rnaj or principal stress :; and 
minor principal -stress - along a horizontal section below the plate 
at depths of ( z/ r) = 0, 1 and 2 (where z = depth below the plate and 
r = radius of the plate). 
The stress ｲ｡ｴｩｯｳｾｯＱ Ｑ Ｏｾ｡Ｓ＠ are also presented in a tabular form for 
different depths below the plate in Table 7. 5. Immediately 
underneath the plate, the increase in vertical stresses were between 
2.4- 3.2 times the increase in horizontal stresses (Table 7.5). 
This would indicate that the soil elements immediately below the 
plate follow a path close to a Ko (Figure 7.1 0) upon loading. At a 
depth below the plate equal to one radius, the soil elements reach 
the failure envelope in direct compression, with no corresponding 
increase in the horizontal stress (Figure 7. 11 ) and then follow the 
failure surface. However, at a depth below the plate equal to twice 
the radius, the soil elements near the centreline of the plate 
reach the failure envelope such that the increase in vertical 
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stresses are 9. 5 - 11 times the decrease in horizontal stresses 
(Figure 7. 1 2 ) • Near the edge of the plate, increases in vertical 
stresses are accompanied by reductions in horizontal stresses up to 
the applied plate stress of 360 k.Pa. However, further application 
of load to the plate lead to an increase in the horizontal stresses 
and consequently the stress path deviates away from the failure 
envelope. 
Figure 7.13 illustrates the stress path followed by the soil 
elements immediately above the plate. Loading of a buried plate 
causes unloading of the soil above the plate. The unloading of the 
soil continues until the soil above the plate completely loses its 
strength. Consequently this phenomenon would further complicate 
the interpretation of the screw plate test results, especially if 
the objective of the test is to evaluate the initial deformation 
mcx:lulus of the soil. It is clear that, for the first load 
increments the applied load is not equivalent to the load 
transmitted to the soil beneath the plate, as a portion of the 
applied load causes significant unloading of the soil above the 
plate. Although the results presented here show a simplistic view 
of the unloading mechanism, as the soil above the plate is assumed 
to be of similar stiffness of that below the plate, nevertheless 
the unloading phenomenon would reduce the plate settlement. 
However it may also be suggested that the soil displacements 
measured during a screw plate test could lead to a closer estimation 
of the compressibility parameters required to design a buried 
foundation, because of the similarity in the unloading mechanism. 
Figure 7. 1 4 presents differential settlements of the three buried 
plates. The differential settlements were computed by using the-
elastic and elastic perfectly plastic models for three plates with 
different modular ratios Ep/Es • Due to yielding of the soil, the 
plate settlements computed from the elastic perfectly plastic 
analyses were greater than the settlements computed from the elastic 
analyses. Similarly it has been shown that the centreline plate 
settlement increases as the modular ratio Ep/Es decreases. However, 
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z/r = 0 
Stress ratio 6o1 '/Ao3' 
Distance from the centre of the plate, mm 
3.3 13.6 20 24 
Applied plate stress (kPa) 
60 3.2 2.4 2.4 2.4 
120 3.2 2.5 2.4 2.5 
180 3.2 2.6 2.5 2.5 
240 3.1 2.6 2.5 2.5 
300 3.1 2.6 2.5 2.5 
360 3.0 2.6 2.5 2.6 
420 3.0 2.6 2.5 2.7 
480 3.0 2.6 2.5 2.7 
540 2.9 2.6 2.5 2.7 
600 2.9 2.6 2.5 2.7 
(a) 
Stress ratio Ao1'/Ao3' 
z/r = 1 Distance from the centre of the plate, mm 
3.3 13.6 20 24 
Applied plate stress (kPa) 
60 >50 >50 >50 >50 
120 >50 >50 >50 >50 
180 >50 >50 >50 >50 
240 >50 >50 >50 >50 
300 14.2 13.8 >50 >50 
360 8.3 8 11 31 
420 6.5 6.5 8 10.3 
480 5.7 5.6 6.5 7.7 
540 5.3 5.3 5.7 6.8 
600 4.9 4.9 5.3 5.9 
{b) 
Stress ratio Ao1'/Ao3' 
z/r = 2 Distance from the centre of the plate, mm 
3.3 14.2 21 24 
Applied plate stress (kPa) 
<-50 <-50 <-50 <-50 60 
120 -11 <-50 -9 -9 
180 -17 -15 -13 -13 
240 -7.7 -21 -19 -17 
300 -7.5 -9 -12 -23 
360 -9.5 -11.7 -8.5 -29 
420 +17.6 +47 +39 +9 .-5 · 
480 +11.3 +12.2 +9 +8.3 
540 +10 +9.3 +7.2 +7.5 
600 +7.7 +8.1 +6.5 +6.1 
(c) 
Table 7.5 Stress ratio (Aol'/Aos') at different depth below the 
plate 
(a) z/r = 0 
(b) z/r = 1 
(c) z/r = 2 
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the differential settlements computed for the plate with a modular 
ratio Ep/Es = 5000 from the elastic and elastic perfectly plastic 
analyses were similar. Hence provided that the plate possesses 
adequate flexural rigidity, the differential settlement of the plate 
will not be influenced by the yielding of the sand. 
The load-settlement behaviour of a screw plate may well be 
influenced by a number of factors and hence the interpretation of 
the test cannot simply be achieved by incorp:>rating the measured 
plate settlement, the applied plate pressure and elastic soil 
parameters such as E and Poisson's ratio. The interpretation of the 
test results should also involve factors such as the flexural 
rigidity of the screw plate, depth of embedment of the plate and the 
loading level relative to the vertical in-situ stress. 
The plate settlements obtained from the computer analyses were used 
in order to calculate the deformation modulus of the sand for each 
increment of applied pressure of 60 k.Pa. The (Ec>incremental 
values were calculated using the Timoshenko and Goodier Equation. 
Table 7.6 compares these deformation modulus values with the 
incremental deformation modulus values, Mt, calculated using 
Equation 5.4 for Ko normally consolidated specimens sheared along 
different stress paths. Results of the stress path tests showed 
that the stiffness of sand was significantly influenced by the 
direction of shearing vector. For example at stress level of 180 kPa 
the ratio 
4
of maximum stiffness to minimum stiffness is more than 1 8. 
The incremental deformation modulus values calculated from the screw 
plate test results do not agree with the values obtained from the 
stress path tests. This is because of the fundamental differences 
in the straining mechanism of the soil elements for two different 
types of testing methcxls. The canputer analyses also showed that a 
large portion of the first few increments of the applied load 
cause unloading of the soil above the plate. This unloading 
mechanism may cause the soil to show a stiff resp:>nse and this would 
lead to an overestimation of the initial deformation modulus values. 
164 
For example, for the first increment of applied load, the 
deformation mo:1ulus value \vas 98HPa. ｈｯｴＮｾｊ･ｶ･ｲＬ＠ as the soil above the 
plate lost its strength at an equivalent plate pressure of about 180 
kPa, the incremental deformation mcxlulus value dropped by 9 MPa to 
85 Mpa. 
Mt (MPa) 
Pressure ( Ec) increment a 1 olllo31 oll I 03 I 01 I I 03 I 
(kPa) (MPa) 1011 311 1.711 
60 98 17 34 50 
120 96 13 48 67 
180 94 4 48 75 
240 85 
-
56 88 
300 76 
-
65 92 
360 59 - 70 100 
420 54 
-
86 104 
480 50 
-
90 110 
540 50 
-
95 108 
600 46 
-
100 111 
Table 7.6 (Ec)incremental and Mt values for Ko normally 
consolidated specimens 
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7. 5 SCREW PLATE TEST RESULTS 
The main objective of this series of tests was to establish the 
validity of tJ1e screw plate test as a means of measuring the 
compressibility of sand. Half the screw plate loading tests were 
performed on overconsolidated specimens in order to establish 
whether the plate could detect the preconsolidation pressure, 
as well as to study the pressure-settlement behaviour of an 
overconsolidated sand. 
7. 5. 1 PRESSURE SEI'IUMENT ClJRVES 
Figure 7.15 presents typical pressure-settlement relationships for 
isotropically and Ko normally consolidated specimens. The 
isotropically normally consolidated specimens exhibit a non-linear 
pressure-settlement behaviour from the initial stages of loading and 
at higher pressures the curve steepens further. A similar pattern 
of response may also be observed from the tests conducted on Ko 
normally consolidated specimens. It is evident from the 
pressure-settlement curves that at pressures greater than about 200 
kPa, there is a marked change of curvature over the remaining 
portion of the pressure-settlement curve. At an equivalent plate 
pressure of about 650 kPa, the plate was unloaded and reloaded to a 
higher pressure of about 800 kPa. It is clear from these figures 
that upon reloading of the plate the soil deformed in an 
approximately linear fashion up to a pressure range of about 500 -
550 kPa. Once this pressure range was exceeded the curve became 
significantly steeper and it tended to move towards the direction of 
the virgin pressure-settlement curve. 
The typical pressure-settlement curves obtained for isotropically 
and Ko overconsolidated specimens are given in Figure 7. 16. The 
shape of the pressure-settlement curve, in contrast to that of the 
normally consolidated specimens was more linear. This was due to 
smaller amount of plastic deformations at higher pressures. At a 
pressure of 500 kPa, which was the preconsolidation pressure of the 
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overconsolidated specimens, no abrupt change in the slope of the 
pressure-settlement curves was noted. Upon unloading and reloading 
of the screw plate, the plate moved in an approximately linear 
fashion and upon reaching the previous maximum applied pressure, the 
curve deviated away from its linear relationship. 
7 .5.2 PRESSURE-SETrLEMENT BEHAVIOUR OF Isa:rROPICALLY <XWSOLIDATED 
SPECIMENS 
The results of screw plate tests indicate that isotropic 
overconsolidation has little measurable influence on the initial 
deformation modulus of the sand. This is clearly visible from 
Figure 7.17 which compares typical pressure-settlement curves 
obtained from normally consolidated and overconsolidated isotropic 
specimens. However, the effect of overconsolidation on 
compressibility was more noticeable at higher applied pressures, as 
the calculated effective deformation modulus "Es " were on average 
1 • 3 times greater than the modulus values obtained fran the tests 
performed on isotropically normally consolidated specimens. 
The stress path tests on isotropically consolidated specimens showed 
that the direction of the shearing vector has a measurable influence 
on the stress-strain behaviour of sand and its compressibility at 
various stress levels (Figure 7. 1 8) • However, the results of 
stress path tests also showed that overconsolidation has no 
measurable influence on the compressibility of specimens sheared 
along the stress paths corresponding to the effective incremental 
stress ratios av• I a h' = 10/1 and 3/1. Figure 7.19 compares the 
average incremental deformation modulus values at various stress 
levels for normally and overconsolidated spectmens sheared along 
the three different stress paths. The specimens sheared along the 
stress path corresponding to an incremental stress ratio 
av' /oh' = 1. 7/1 showed an increase of less than two fold in the 
incremental modulus values. Therefore the results of stress path 
tests also suggest that isotropic overconsolidation has no 
substantial influence on the settlement of a plate. 
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7. 5. 3 PRESSURE SEITLEMENT BEHAVIOUR OF Ko CX>NSOLIDATED SPECIMENS 
Figure 7.20 compares the pressure-settlement curves for normally and 
overconsolidated specimens. For normally consolidated specimens, 
the average "effective defonnation mcrlulus", E$ for the first load 
increment beyond the in-situ stress level \'Tas 22 t-Wa and at higher 
pressures, the modulus value dropped to an average value of 9 MPa. 
The test results on I<o overconsolidated specimens seemed to indicate 
that the initial effective deformation rnc:xlulus, E$ was not 
influenced by overconsolidation. The average increase in 
stiffness was found to be less than 50% at an equivalent plate 
pressure of about 200 kPa. However the influence of 
overconsolidation was more pronounced at higher pressures. For 
example, at an equivalent plate pressure of about 600 kPa, the 
increase in effective deformation modulus value was over two and a 
half times. 
The results of stress path tests showed that the direction of 
shearing vector has a significant influence on the compressibility 
of normally consolidated ｳｰ･｣ｾｳ＠ (Figure 7.21), however, 
variations in the direction of shearing vector had little influence 
on the initial incremental deformation modulus values of Ko 
overconsolidated specimens. The influence of overconsolidation was 
very pronounced for I<o specimens sheared along the stress path 
corresponding to an incremental stress ratio ov'/crh' = 10/1. 
Overconsolidation caused a three fold increase in the initial 
incremental deformation rncrlulus value (at a v' = 1 00 k.Pa) of 
specimens sheared along the stress pa.th corresponding to the 
incremental stress ratio av' fah' = 3/1. HottTever, for specimens 
sheared along the stress path corresponding to the stress ratio 
crv'/crh' = 1.7/1 overconsolidation had only caused an increase of 
about 60% in the initial incremental deformation modulus. 
The results of computer analyses showed that the strained soil 
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elements below the plate would follow stress paths between the Ko 
and direct compression lines. The stress path test results also 
. .•. . -
illustrated that Ko overconsolidation has a measurable influence on 
the campressibili ty 1 \'lhen the specimens -v1ere sheared along the 
stress paths near to ｉｾ＠ i.e. crv' fah' = 3/1 and direct canpression 
i.e. crv' /ah' = 10/1 (Figure 7.22). 
However 1 contrary to the alx>ve 1 the results of screw plate tests 
revealed that Ko overconsolidation had a relatively small effect on 
the initial deformation modulus of the sand (see Figure 7.20). 
Therefore it may be suggested that the influence of installation 
(i.e. soil displacement) and bedding on the resulting 
pressure-settlement curves of overconsolidated specimens were of 
such an extent that the plate could not detect the influence of 
overconsolidation on the compressibility at low equivalent plate 
pressures. 
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7 .5.4 PIJ\STIC ｾ＠ OF DEFORMATION 
The total defonnation of a soil may be divided into b<To canponents, 
elastic (recoverable) and plastic ( irrecoverable) deformations. The 
elastic deformations of granular materials are due to elastic 
ccrnpression and distortion of actual grains, while the plastic 
deformations are caused by slips at grain contacts, by rolling of 
grains over each other and by crushing at grain contacts. 
Table 7.7 summarizes the average elastic and plastic deformations 
obtained fran 16 plate loading tests conducted by loading the screw 
plate to a pressure of about 650 kPa, and then unloading the plate 
to obtain the residual plastic displacements. 
In-situ stress levels 
Stress state No. of ov' (kPa) oh (kPa) Elastic Plastic 
determin- deformation deformation 
at ions (pm) (pm) 
Isotropically 3 100 100 542 1157 
normally 
con so 1 i dated 
Isotropically 3 100 100 530 882 
over-consolidated 
Ko ｮｯｲｭｾｬｬｹ＠ 5 100 40 658 2787 
consolidated 
Ko 5 100 100 510 700 
over-consolidated 
Table 7.7 Average values of elastic and plastic components of deformation 
It is interesting to note that the elastic deformations for all the 
stress states with the exception of Ko normally consolidated 
specimens were \vi thin the close range of 51 0 - 542 urn. However, for 
Ko normally consolidated specimens, the measured elastic component 
of deformations t.•Tas greater, perhaps due to the smaller 
consolidation deformations of the specimens prior to plate loading. 
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Isotropic overconsolidation caused a reduction of about 24% of the 
irrecoverable defonnations (Table 7. 7). Anisotropic 
overconsolidation of the specimens along a Ko path also caused 
rearrangements of the ·particles into a closer paddng. The results 
of screw plate tests showed that Ko overconsolidation reduced the 
amount of plastic deformations by about 75%. 
The results presented in this section are limited to screw plate 
tests conducted on a single density of the sand specimens and a 
single unloading path. It can therefore be concluded that 
isotropic overconsolidation had little measurable influence on the 
initial deformation rrodulus of the soil, however, at greater 
applied pressures, the compressibility of the sand \V4aS reduced by 
about 50%. The results of screw plate tests also showed that Ko 
overconsolidation seemed to have had no measurable influence on the 
initial deformation modulus. However, the results of stress path 
tests did not support this and as mentioned earlier the reason for 
this finding could be due to the influence of bedding errors on the 
resulting pressure-settlement curves. 
In general, the screw plate test results seemed to indicate that 
both elastic and plastic deformations occur from the initial stages 
of leading. The plastie deformations may initially be smaller than 
the elastic deformations. Table 7.7 also showed that 
overconsolidation has no influence on b,e elastic component of 
deformations. At greater applied pressures, the plastic 
deformations seemed to dominate the elastic deformations. The 
results of screw plate tests on I<o overconsolidated specimens also 
indicated that anisotropic overconsolidation reduced the amount.of 
plastic deformations considerably. Hence the influence of 
overconsolidation is significantly more important at higher 
pressures, than the pressures over which the initial deformation 
mcrlulus is determined. 
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7. 5. 5 DErERMINATIOO OF THE I'REXJ:NSOLIDATIOO PRESSURE 
The resulting pressure-settlement curves obtained from the screw 
plate tests on overconsolidated specimens showed no abrupt change in 
the vicinity of the preconsolidation pressure of 500 l<Pa (Figure 
7. 20) and hence the preconsolidation pressure could not be 
detected. The stress path tests also illustrated that the 
pre-consolidation pressure of overconsolidated specimens could only 
be deter:mined fran the tests in which the incremental effective 
stress ratio a v' fah' = 10/1. The canputer analyses also revealed 
that, immediately below the plate, the stress path adopted by the 
strained soil elements is near to the Ko path (i.e. av' jah' = 
2.5/1, see Table 7 .5). The stress p:tth tests also shooed that the 
preconsolidation pressure of overconsolidated ｳｰ･｣ｾｳ＠ sheared 
along the stress path corresponding to an incremental stress ratio 
av' jah' = 3/1 could not be detected fran the stress-strain curve. 
Hence from the results of stress path tests and numerical modelling 
it could be suggested that the resulting pressure-settlement curves 
of the overconsolidated specimens obtained from the screw plate 
tests are largely influenced by these strained soil elements below 
the plate in which the incremental effective stress ratio is in the 
range of Ko and hence the preconsolidation pressure cannot be 
deteeted from the resulting pressure-settlement curves obtained from 
screw plate tests. 
Contrary to the above philosophy, Dahlberg ( 1 97 4) claimed that he 
was able to detect the preconsolidation pressure of a pre-loaded 
natural sand deposit, by conducting screw plate tests. However, the 
ｳ･ｲｾ･ｳ＠ of laboratory tests as well as the computer analyses 
performed by the author have oveiWhelmingly shown that the 
preconsotidation pressure cannot be detected from screw plate 
tests. Dahlberg predicted the preconsolidation pressure by fitting 
a line through a point located on the load axis which corresponded 
to the overburden pressure and through the first few test points. 
Another straight line was then drawn through the remaining test 
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points. The intersection between these two straight lines was then 
interpreted by Dahlberg as the maximum preconsolidation pressure, 
as shown in Figure 7. 23. The above procedure was carried out on the 
screw plate test results shown in Figures 7.15 and 7.16. The 
preconsolidation pressure of normally consolidated spectmens was 
found to be in the region of 350 - 400 kPa instead of 0 kPa. For 
overconsolidated specimens it was not possible to fit two straight 
lines through the points, as the pressure settlement curve was 
linear fran the 1 00 k:Pa in-situ stress level. Hence the yielding 
behaviour of sand could lead to an incorrect prediction of the 
preconsolidation pressure • 
It is possible that Dahlberg estimated the preconsolidation pressure 
as the pressure corresponding to the point of maximum curvature of 
the pressure-settlement curve, or perhaps he might have detennined 
the pre-consolidation pressure as the pressure at which the soil 
above the plate was ·cornpletely unloaded. 
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Fig. 7.23 Evaluation of the preconsolidation pressure from 
screw plate test (After Dahlberg 1974) 
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7 .5.6 SUMMARY 
Research into the use of the screw plate test for measuring 
ccmpressibili ty of granular soils has provided an improved 
understanding of the instrument and the factors that affect the 
interpretation of the test. 
The design of a screw plate may significantly affect the results 
obtained with it. The plate must have a low pitch and must also 
have a high relative stiffness. The diameter of the shaft above 
the plate should be made as small as possible in order to maximise 
the rate of advancement per revolution of the plate. 
The results of loading tests showed that the installation effects 
were of such an extent that the plate was not able to detect the 
influence of overconsolidation on initial deformation modulus. 
The results of screw plate tests also showed that the plate could 
not detect the preconsolidation pressure of overconsolidated 
saturated Leighton Buzzard sands. HCMever, it is interesting to note 
that upon reloading the soil, the plate could detect the previous 
vertical stress applied to it prior to the unloading stage. 
The load-settlement curve obtained from a screw plate test will 
depend upon factors such as depth of advancement of the plate 
prior to the loading stage, stress state of the soil above the plate 
and stiffness of the plate itself relative to the soil stiffness. 
Therefore the results of such a test cannot be interpretated if the 
factors carmot be taken into account. 
At present, the screw plate instrument cannot be used as a means of 
measuring accurately the modulus of deformation of sand at low 
stress levels. However, the screw plate test probably can still 
give more accurate and reliable results for computing settlement 
characteristics of cohesionless soils than SPT or conventional 
triaxial compression tests. 
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Finally, at present the screw plate test is perhaps more suitable 
for measuring other geotechnical parameters such as the shear 
strength of cohesive soils and the coefficient of consolidation. 
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8.0 Conclusions 
8.1 Introduction 
Medel screw plate instruments, 50 rrnn in diameter, were constructed. 
Tests were carried out in a small calibration chamber, to observe 
the influences of plate design, controlled and free plate 
penetration, and overconsolidation on the settlement of theses 
plates under load. 
In parallel with these tests, stress path tests were carried out in 
a Bishop and Wesley cell to investigate the stress path dependency 
of the stiffness of the sand used in the calibration chamber tests. 
Finite element computer modelling of a buried plate was carried out 
using the CRISP package, and a elastic perfectly plastic soil with 
Mohr Coulanb yielding. The effect of plate stiffness was 
investigated as were the relationships between applied load and 
settlement, and the stress paths above and below the plate. 
This chapter presents the main conclusions of the research. It is 
divided into two parts: 
( i) Conclusions drawn fran developnent of the screw plate 
instrument and interpretation of test results 
( ii) Conclusions drawn fran compressibility testing on Leighton 
Buzzard Sarrl. 
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8. 2 The screw plate instrument and interpretation of the test 
results 
The design of a screw plate has an influence on its penetration 
capability. From the screw plate penetration test results it could 
be concluded that the smallest pitch plate is the rnqst suitable 
in terms of percentage pitch penetration per revolution. 
The size of the diameter of the shaft above the plate has a 
remarkable influence on the penetration efficiency of the plate. In 
general, the larger the diameter of the plate, the more difficult it 
is for the screw plate to advance by its full pitch per revolution. 
Consequently as the diameter of the shaft above the plate becanes 
large, the screw plate has increasing difficulty in pulling the 
shaft into the soil. 
Fran the series of tests carried out with the screw plate it is 
possible that the controlled method of advancement of the plate may 
reduce the effects of bedding errors, at the initial stages of 
loading. However, it is essential to ensure that the plate can 
advance by a reasonable penetration under its own impetus, for 
otheiWise it is very likely that the soil underneath the plate could 
be prestressed when the plate is advanced under the controlled 
advancement merle. 
The results of computer work showed that the single precision 
version of CRISP cannot be used for soil/structure interaction 
problems. If the elastic modulus of the structure is several orders 
higher than the deformation modulus of the soil, the calculation 
needs to be carried out in double precision to avoid gross errors of 
equilibrium. 
Oomputer analyses showed that rigidity of a screw plate has a 
profound influence on the calculated deformation modulus value of 
soils. An insufficiently rigid plate will lead to overestimation of 
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compressibility. A plate with an R' value of 8.64 is sufficiently 
rigid for evaluating the deformation modulus of soils. Further 
stiffening of the plate has little influence on its 
pressure-settlement response. 
The stress paths followed by the strained soil elements at different 
depths below the plate are different. Therefore, it is concluded 
that the settlement of foundations on sand cannot simply be 
related to the deformation modulus value obtained from 
conventional triaxial ccrnpression tests. Because in this kind of 
test the soil samples are only sheared along a single stress path. 
An underestimation of the modulus of deformation is made when 
specimens are sheared along the direct compression path (i.e. 
typical triaxial tests) and an over prediction of foundation 
settlement occurs. 
Because of the unloading mechanism of the soil above an embedded 
plate, the initial modulus of deformation derived from an idealised 
screw plate test, where insertion occurs without disturbance of the 
soil, is greater than that obtained from a surface plate loading 
test. 
The interpretation of a screw plate test cannot simply be achieved 
by incorporating the measured plate settlement, the applied pressure 
and elastic soil parameters E and v • Introduction of correction 
factors are necessary to take into account the flexural rigidity of 
the plate, depth of embedment of the plate and the loading level 
relative to the in-situ vertical stress. 
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8.3 Oampressibility testing on Leighton Buzzard Sand 
The computational mcrlelling showed that the diameter of the chamber 
in relation to the diameter of the plate was large enough to prevent 
any significant influence of the lateral boundary on the test 
results. In addition, the height of the chamber in relation to the 
diameter of the plate was adequate so as not to influence the 
results of screw plate tests, for the geometry used. 
Screw plate tests and the stress path tests results showed that 
isotropic overconsolidation has a small effect on the measured 
initial deformation modulus of granular soils. The direction of the 
stress path has a significant influence on the stress-strain 
behaviour of sand and its stiffness at various stress levels. This 
means that the testing method by which a specimen is sheared has a 
much greater affect than its previous stress history such as 
overconsolidation. 
Similarly, the direction of a stress path has a significant 
influence on the stress-strain behaviour of Ko consolidated samples. 
The results of stress path tests clearly showed that Ko 
overconsolidation has a significant effect on the initial 
deformation modulus of sand. But, once more, the amplitude of this 
effect is directly related to the method by which soils are sheared. 
The results of screw plate tests showed that the influence of 
overconsolidation is more significant at higher pressures than the 
pressures over which the initial deformation modulus is calculated. 
Hence, fran the results of stress path tests, it is concluded that 
the presence of bedding under the plate caused an underestimation 
of the initial deformation modulus of the soil. 
Results obtained from unloading of the screw plate tests showed that 
the elastic cornponent of deformation is the same for specimens 
tested with similar in-situ stress states, regardless of their 
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previous stress history. Hcmever, overconsolidation causes a 
significant reduction in the plastic component of deformation. 
The results showed that Ko overconsolidation reduced plastic 
deformation by a factor of four. Therefore, it is concluded that 
the elastic ccrnponent of deformation is very ruch dependent on 
stress level and is unaffected by stress history, whereas the 
plastic canp:>nent of deformation is very much dependent on stress 
history. 
The preconsolidation pressure cannot be detected from the 
pressure-settlement curve of a screw plate test on sand. The stress 
path test results also showed that the preconsolidation pressure can 
ｯｮｾｹ＠ be detected from the tests in which the specimens are sheared 
along a path near to the direct compression path. Therefore, it 
could be concluded that the preconsolidation pressure of Ko 
overconsolidated samples cannot be detected from plate loading 
tests. 
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8.4 ｾａｔｉｏｎｓ＠
The screw plate instnunents described in this thesis were designed 
to serve the requirements of present research. The instruments 
were developed for use in the University of Surrey calibration 
chamber. Further research into the design of the screw plate is 
required in order to improve accuracy and interpretation of the 
test. 
The results showed that the plate was not able to measure accurately 
the compressibility of sand at low stress levels. Because of the 
installation effects, it is desirable to carry out further 
investigations into methods of advancing the plate. A radiographic 
technique may prove beneficial for examining the amount 
of disturbance caused during installation. 
The scope of the testing programme has been limited to investigating 
the influence of overconsolidation of saturated Leighton Buzzard 
sand only along the two stress paths. It is perhaps desirable to 
extend the investigation to different types of sand with a wider 
range of stress levels and different overconsolidation ratios. 
It is also advisable to carry out surface plate loading tests in the 
calibration chamber in order to determine whether or not it is 
possible to predict the preconsolidation pressure of 
overconsolidated, saturated Leighton Buzzard sands. 
It is recorrnnended that further numerical analysis is carried out in 
order to investigate the influence of a borehole on the resulting 
stress field around the plate. 
Finally, it is recorrnnended that further research is carried out 
into instrumenting the screw plate with load cells. Firstly the 
effect of controlled advancement of the plate in prestressing the 
soil could be established. Secondly, during the loading stage of 
the test it would be possible to monitor what percentage of applied 
load is transferred to the soil immediately above the plate. 
190 
AAS, G. ( 1983) ｾ［｟ＭＭ
"Geotekniske Dimensjonerings-Parameter Tolking Ｍ ｾｙｩﾧｓｫｲｵｰｬ｡ｴ･ｦｯｲｳｯｫＢＬ＠
Report No. 52155- 26·14, Norges Geotekniske Institutt. 
AHLVIN, R.G. and ULERY, H.H. (1962) 
"Tabulated values for detennining the canplete pattern of stresses, 
strains and deflections beneath a uniform load on a homogeneous half 
space", Highway Research Board, Bulletin 342, pp 1 - 13. 
BERG, G. and OLSSEN, 0. (1978) 
"Screw plate loading tests on Gothenburg clays - deformation and 
strength properties under static and rel)eated loading", Chalmers 
Tekniska Hogskola Tech. Rep. G72/2. 
BERLE,O. (1968) 
"Valuation of the theory for the field compressaneter, with 
supplementary field investigations", Diplana thesis (in Norwegian) , 
NTH Trondheim. 
BISHOP, A.W. (1966) 
"Strength of soils as engineering materials", Geotechnique, Vol. 16, 
No. 2, pp 89 - 130. 
BISHOP, A.W. and ELDIN, A.K.G. (1953) 
"The effect of stress history on the relation between qY and the 
porosity of sand" 1 Proceedings of the 3rd I.C.S.M.F.E., Vol. 1, 
pp 100 - 105. 
BURLAND, J.B. and BURBIDGE, M.C. (1985) 
"Settlement of foundations on sand and gravel" 1 Proc. Instn. Civ. 
Engrs., Vol. 78, Part 1, pp 1325- 1381. 
CAMPANELLA, R.G., ROBERTSON, P.K. and BERZINS, W.E. (1984) 
"Use, interpretation and correlation of screw plate tests", Soil 
191 
-- _______ ___________________ __.. 
Mechanics Series No. 74, Dept. of Civil Engineering, University of 
British Columbia, Vancouver. 
CLAYTON, C.R.I., HABABA, M.B. and SIMONS, N.E. (1985) 
"Dynamic penetration resistance and the prediction of the 
canpressibility of a fine-grained sand- a laboratory study", 
Geotechnique, Vol. 35, No. 1, pp 19 - 31. 
CLAYTON, C.R.I., SIMONS, N.E. and MATTHEWS, M.C.G. (1982) 
"Site investigation a handl::xx>k for engineers", Granada publishing, 
DAHLBERG, R. (1974) 
"Settlement characteristics of preconsolidated natural sands", Rep. 
ISBN 91-540-2410-2, National Swedish Inst. Bldg. Res., Stockholm. 
DAVIES, E.H. and POULOS, H.G. (1972) 
"Rate of settlement under two and three-dimensional consolidations" 
Geotechnique, Vol. 22 1 No. 1 1 pp 95- 114. 
DIKRAN, S.S. (1983) 
"Sane factors affecting the dynamic penetration resistance of a 
saturated fine sand" 1 PhD Thesis, University of Surrey. 
EASON, G. and SHIELDS, R.T. (1960) 
"The plastic indentation of a semi-infinite solid by a perfectly 
rough circular punch", Journal of Applied Mathematics and Physics, 
Vol. 11, pp 33- 43. 
EPPS, R.J. (1984) 
"A comparison of methcds of testing at a site in U:>ndon Clay" 1 Proc. 
of the 20th Regional Meeting of the Geological Society, 1 7 - 20 
September, University of Surrey, pp 1 55 - 1 6 9. 
GEDNOR 
"A Field canpressometer instruction manual", Oslo 7: Norway. 
192 
GOULD, J.H. (1967) 
"Canpa.rative study of the screw plate arrl rigid plate bearing 
tests", Dept. of Civil Engineering Masters Thesis, University of 
Florida. 
HABABA, M.B. (1984) 
"The dynamic penetration resistance and canpressibility of fine 
sand", PhD Thesis, University of Surrey. 
HORSLEV, M.J. (1949) 
"Subsurface exploration and sampling of soils for Civil Engineering 
purposes", u.s. Anny Waterways Experiment Station, Vicksburg, 
Mississippi, reprinted by the Engineering Fouroation in 1962. 
JAMIOLKCMSKI, M., GHIONNA, V.N., LANCELLCY.ITA, R. and PASQUALINI, E. 
(1988) 
"New correlations of penetration tests for design practice", 
Penetration testing 1988, ISOPT - 1 , De Ruiter ( ed) • , published by 
Balkema, Rotterdam, pp 263 - 296. 
JANBU, N. and SENNESEI', K. ( 1 97 3) 
"Field canpressaneter - principal and applications", Proc. 8th 
I.C.S.M.F.E., Vol. 1, No. 1, pp 191 - 198. 
KAY, J.N. and AVALLE, D.L. (1982) 
"Application of the screw plate to stiff clays", A.S.C.E., Jour. 
Geot. Eng. Div., Vol. 108, No. Gri, pp 145- 154. 
KAY, J. N. and MITCHELL 1 P. W. ( 1 980 ) 
"A downhole plate load test for in-situ properties of stiff clays", 
Proc. 3rd ANZ Conf. on Geanechanics, Wellington, Vol. 1 , Part 1 , 
pp 255 - 259. 
KAY, J.N. and PARRY, R.H.G. (1982) 
"Screw plate test in a stiff clay", Ground Engineering, Vol. 15, 
pp 22 - 24, 26, 28. 
193 
KIRKPATRICK, W.M. (1957) 
"The corrlition of failure for sands", Proc. 4th I.C.S.M.F .E., Vol 1, 
pp 172 - 178. 
KUMMENEJE, o. (1956) .. 
ｾｾｾｾｴ･ｲｩｮｧ＠ av ｯｬｪ･ｴ｡ｲｵｊｾ＠ Ｇｾ｡ｲｲｭ･ＢＬ＠ N.G.I. Publ. 12, Oslo (First 
,_.,.,..J ·n"". 
use of screw plate in Norway). 
KUMMENEJE, 0. and EIDE, 0. ( 1961) 
"Investigation of loose sand deposits by blasting", Proc. 5th 
I.C.S.M.F.E., Vol. 1, Paris, pp 491 - 497. 
LADD, C. C. 1 FCXJIT 1 R. , ISHIHARA, K. , SCHIDSSER 1 F. and ro.JLOS 1 H. G. 
(1977) 
"Stress defo:rmation and strength characteristic, State-of-the-art 
report", Proc. 9th I.C.S.M.F.E., Tokyo, Vol. 2, pp 421 - 494. 
LADE, P.V. and DUNCAN, J.M. (1973) 
"Cubical triaxial tests on cohesionless soils", Proc. A.S.C.E., J. 
Soil Mech. and Found. Eng. Div., Vol. 99, SM 10, pp 793 - 812. 
LAMBE, T.W. (1967) 
"Stress path methcrl", Proc. A.S.C.E., J. Soil Mech. and Found. Eng. 
Div., Vol 93, SM 6, pp 309- 333. 
MAm, R.J. and vroo, D.M. (1987) 
"Pressurerneter testing methods and interpretation" , Ground 
Engineering Report: in-situ testing, Butterworths. 
MATSUOKA, H. (1974) 
"Stress-strain relationships of sands based on the mobilized plane", 
Soils Fdns., Vol 14, pp 47- 61. 
MEYERHOF, G.G. (1951) 
"The ultimate bearing capacity of foundations", Geotechnique, Vol. 
194 
2, pp 301 - 322. 
NISHIDA, Y. (1966) 
"Vertical stress and vertical defonna tions of ground under a deep 
circular tmifo:rm pressure in the semi-infinite", Proc. 1st Cong. 
Int. Soc. Rock Mechanics, Vol. 2, pp 493 - 498. 
POULOS, H.G. and DAVIS, E.D. (1974) 
"Elastic solutions for soil and rock mechanics", John Wiley and Sons 
Inc. 
POWELL, J.J. and QUARTERMANN, R.S.T. (1986) 
"Evaluating the screw plate test in stiff clay soils in the U.K.", 
Interpretation of field testing for design parameters, University of 
Adelaide. 
ROBERTSON, P.K. (1982) 
"In-situ testing of soil with emphasis on its application to 
liquefaction assessment", PhD Thesis, Dept. of Civil Engineering, 
University of British Columbia. 
ROSCDE, K.H., SCHOFIELD, A.N. and THURAIRAJAH, A. (1963) 
"An evaluation of test data for selecting a yield criterion for 
soilst•, Laboratory Shear Testing of Soils, STP 361, A.S.T.M., 
Philadelphia, pp 111 - 128. 
SCHMERTMANN, J.H. (1969) 
"Suggested methods for screw plate load test", Special procedures 
for testing soil and rock for engineering purposes, STP 479 
(A.S.T.M.), pp 81 - 86. 
SCHMERTMANN, J.H. (1970) 
"Static cone to canpute static settlement over sand", A.S.C.E., Vol. 
96, No. SM2, Proc. Paper 7302, May. 
SCHWAB, E.F. and BROMS, B.B. (1977) 
195 
"Pressure-settlement-time relationship by screw plate tests insitu", 
Proc. 9th I.C.S.M.F.E., Tbkyo, Vol. 1, pp 281 - 288. 
SELVADURAI, A.P.S. and NICHOLAS, T.J. (1979) 
"A theoretical assessment of the screw plate test", Proc. 3rd 
I. C. on Numerical Methcx:ls in Geomechanics, Aachen, Gennany, Vol. 3, 
pp 1245 - 1252. 
SELVADURAI, A.P.S. and NICHOLAS, T.J. (1981) 
11Evaluation of soft clay properties by the screw plate test", Proc. 
10th I.C.S.M.F.E., StockhoLm, Vol. 2, pp 567 - 572. 
SELVADURAI, A.P.S., PATRIC, A., BALLER, G.E. and NICHOLAS, T.J. 
(1980) 
"Screw plate testing of soft clay", Canadian Geoteclm.ical Journal, 
Vol. 17, pp 465 - 472. 
SELVADURAI, A.P.S. and SZYMANSKI, M.B. (1980) 
"Capacity of rigid circular anchor plates embedded in an ideal 
cohesive soil'' (unpublished). 
SHIELD, R.T. (1955) 
"On the plastic flow of metals under condition of axial symneb:y", 
ｐｲｯ｣ｾ＠ of the Royal Soc. of London, Series A, 233, pp 267 - 287. 
SMITH, D.M.A. (1987) 
"Screw plate testing of very soft alluvial sediments", Perth, W.A. 
VIII Pan American Con£. , Cartayena, pp 165 - 1 76. 
SMITH, D.M.A. (1987) 
11Geotechnical applications of the screw plate test 11 , Perth, W.A. 
VIII Pan American Con£. , Cartayena, pp 1 53 - 164. 
TIMOSHENKO, S. and GOODIER, J.N. (1951) 
"Theory of elasticity", McGraw-Hill book company, 2nd edition, New 
York. 
196 
WEBB, D.L. (1969) 
"Settlement of structures on deep alluvial sarrl seddirnents in Durban 
South Africa", British Geotechnical Society Conference on in-situ 
investigation in soils and rocks, Session III, Paper 16, London, 
England, pp 133 - 140. 
WROTH, C.P. (1984) 
"The interpretation of in-situ soil tests", Geotechnique, Vol. 34, 
No. 4, pp 449 - 489. 
WU 1 T.H., LOH, A.K. and MALVERN, L.E. (1963) 
"Study of failure envelope of soil" 1 Proc. A.S.C.E., J. Soil Mech. 
and Found. Engng. Div., Vol. 89, No. SM1 1 pp 145 - 181. 
197 
--- - _ ___ __:___ ________ _ 
APPENDIX A 
THE COMPUTER PROGRAMS 
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Program for plotting stress and settlement contours of the embedded plate. 
c 
C!·hk.t\C'l'C:l<.* 12 ｬｾａｬｬｌ＠ I t·iA!JJ.:;l, ｩｾｬ｜Ｑ＠ jJ.:;2 
ｬｊｈＡｴＺｬｾＺＮ＾ｬｕｬＮＮＺ＠ o( 2000, ｾＩＬａＨ＠ 2000,4) 
ｕｬｩｬｬＮＺｬｊｾｉｕｴｾ＠ X ( 200lJ) , Y ( 2000), Z ( 2000) 
ｌｊｩｦｬ｣ｴｾＡｊｩｵｴｾ＠ ｾｾｯｷｯｯＩ＠ ,AZ(31,31 > 
｣ｵｲﾷｬｴＬｵＬｾＯｃｕｈｉｊＯ＠ ａＬｾＬ＠ X, Y 1 'L. ,1J 1 A'L. 
PJ<IN'1'*, 1 tw··JE uF INPUT UATA F lLE • 
Rl::AlJ 1 ( 1Al2) I INAtli:;l 
PHlllf*, Ｑ ｴｾｕｩｩｯｬＺＺｬｻ＠ ut;• ＮｐｏｩｬｾＱＧＺＺ＾＠ AHL> ｲｾｵｲ＠ ii3C:l< UI:' ELBHEtJTt> 1 
l<.EAU*, [•.'P I ｬｾｌ＠
PH.INJ.'*, I NAN I;; OF COORIHATE FILl:: I 
.KLAL> 1 ( lA12) 1 1 NAhE2 
OPEN ( 7 I l''ILI.::=NAl-ll::2) 
OPJ:;N ( 5, FILE=l.'tNl!:;l) 
.PHINT* 1 1 PWTTBR=l O.l{ '.i.'ECKTlWlHK=2 Ul{ SIGHA=3 1 
C REiillS INPUT DATA ( Cu-ORD!t.JATBS 1 ELENENT ｎｕｴｬｂｅｬｾｓ＠ 1 lJBFURl·1ATIOHS ANV STRESSES) 
c 
REAU* ,IP 
00 20 I=l, ｬｾｐ＠
20 1{1:.:AU(7,*)K,(A(I,J),J=l,2) 
CLOSE(7) 
lXJ 10 I=l,NP 
IlliAlJ ( 5, *) K 1 u, \vi I (A ( 11 J) , J=3, 4) 
10 CUl·<"i'INUE 
00 15 I=l I ｩｾＩＺ［＠
Rt::AU( 5, ＪＩｉｾ＠ I ( J3 (l, J) , J=l, 4) I vI Jj (I I!)) I Ql, <;2, Q3 I U4 
15 ｃｕｉｾｬＢＧｉｎｕｅ＠
CLUSE(5) 
40 PlUlJ'l'* 1 Ｇｾｬｕｌｔｬｐｌｬｌｉ｜Ｇ＠
!<.J:J.\IJ* ,FA 
PHINT*, 1 SX==l SY=2 TXY=3 UX=4 UY=S' 
I<.I:::AU* ,K 
IF( K.EI,.l.1. UR.K. J:;(,J. 2. OR. K. t:Q. 3 ＩｔｈｃＺｩｾ＠
NNP=HB 
DU 30 I=l,NE 
X(I)=B(I,l) 
Y(I)=B(I,2) 
30 Z(I)=U(l,K+2)*fA 
c 
C f'llJUS 'i'HI:: tli\XHIUN VALUE Ol" ｾＧＮＮｌｈｉＮＮ［ｓｾｅｳＮ＠
c 
i\t"tX=O 
DU 45 l=l,M:; 
IF ＨｎﾷｬｘＮｌＧｬＧＮａｂｾ＠ ( Z ( l))) ANX=AUS ( Z (I)) 
ｾｾＵ＠ COUl'INUJ..; 
ｐＮｋｈｾＧｬＧＪ＠ I MlX 
c 
C CALCULATJ..;S 'i1JB PI..;l{CBl\'l'AGI:: VALUL OF ｓＧｬＧｬｾｌＺＺＺ＾ｓｅｾ＠
c 
00 bU I=l, ＱｾＮＱＺＺ＠
60 Z(I)=(Z(l)/NlX)*lOO 
ｬＺＮＺｌｾｉＺ［＠
Nl.JP=NP 
DU 35 I=l,NP 
X(I)=A(I,l) 
Y(I)=A(I,2) 
35 Z(I)=A(I.K-l)*FA 
199 
• f •. 
c 
C ｆｈｾｕＡＺ＾＠ 'l'HJ..; t·J/\XIHUfJ VALUE OF LJE:f·'UH! i. \'l'H ... ｩｾ＠
c 
AhX=O 
0070 1=1, ｬｾｐ＠
IF( J\!1X.L'l'.Al.:SS( ｾ＠ (I))) lu ｩｘ］ａｂｾ＠ ( Z ( 1)) 
70 Cut''.i.'lNUE 
PiU UT* I ANX 
c 
C ｃａｌｃｕｌａｔｌ［ｾ＠ 'l.'lll:: PE.KCt;N'l'/\GE VALUL: Of' ＱｊｬｾｆＧＰＱｻｦ＠ 1AT10l.S 
c 
0080 1=1, l·JP 
80 ｚＨｉＩ］ＨｚＨｉＩＯｾｩｘＩＪｬｏｏ＠
ｬＺＺｬｾｊＮＩｬｦＧ＠
c 
C ｃａｌｌｾ＠ PWT.l'ING SYSTENS 
c 
c 
IF(IP.BQ.l)CALL CC81 
IF(IP.l:.'Q.2)CALL T4Ul0 
IF(IP.EV.J)CALL ｓｉｇｾｾ＠
C CALLS GINO-SURF LIBRAlUES 
c 
CALL VEVPAP(JUO.O,JOO.O,l) 
CALL Sl:.'TFl{A( 0) 
CALL LABCON(O,O,GO.O,O) 
ｐｒｩｬｾＧｬＧＪＬ＠ 'DO YOU REVUIRE '!'I.IB lNT • .POINTS PLOTS lJO=l YBS=2' 
RBAD*,IJ 
IF (IJ.BQ.l)GUT046 
Cr\LL i<ANPl'S ( 4 ) 
4u CALL ｓｅｔｾｃａ＠ (SU.U,SO.O,O) 
PlUNT*, • ｎｭＱｾｂｒ＠ oF coi.J'l'UUR LINES' 
REAV* ,NL 
Ci\.LL RAt ｾｇｒｄ＠ < M JP, x, Y, z I Jl , 5 • o, 215 • o I Jl , 5 • o , u 4 s • o , Az , Boo o I ｾｮ＠
CALL Di{ACOt ｾ＠ ( 31 , 5 • 0 , 215 • 0 , 31 , 5 • 0 , 64 5 • 0 , AZ , l ｾｌ＠ , 5 • u I 8 00 0 I ｾＭｊＩ＠
CALL DEVEND 
PHIN'f*, 1 DO YOU ｾｊａｎｔ＠ HAl<l.> COPY YES=l N0=2 FINSil=O 1 
RJ.::AD* I Ill 
IF(IU.BQ.2)GOTO 40 
IF ( Ilj.l::Q. 0 )GO'l'U 50 
PIUI\'.L'* I I PLO'l.'TING 1.-'ILl:: rJAllB= I 
HEAD I ( 1Al2 ) I I NANE 
OPI::H ( 9, F ｬｌｊＺＺ］ｬｾａｬＧｬｅＩ＠
CALL CC9U(jl-J 
CALL lJlNPAP(J00.0 1 3UO.U 1 l) 
CALL S.l:.vTJ:"'Ri\ ( 0 ) 
CALL LAL'oCOlH 0 I 0160. o, 0) 
IF (lJ.l::U.l)GOTO 4o 
CALL ｈａｬｾｐＧｬＮＧｓＨ＠ 4) 
48 CALL ｓｬＺＺＧｬＧｓｃａＨｾＰＮＰ Ｑ ＵＰＮＰ Ｑ ＰＩ＠
Ct-'\.LL ｩｻａｲＮ［ｾｈｄ＠ Ｈｬｾｎｐ＠ I xI Y, z, 311 5. o, 21 ｾＮ＠ o, J 1 , 5. o, u45. o, AZ, cwoo, ｾ､＠
CALL ｄｒａｃｕｴｾ＠ ( Jl, 1.0, 215.0, Jl, 1.0, 645. O,AZ Ｌｬｾｌ Ｑ＠ 1. 0, ｂｏｕｕＬｾＮ［Ｉ＠
CALL DEVEim 
CLOS1::(9) 
Pl<Ilh'* I I ａｎｙＧｬＧｬｦｬｬｾｇ＠ CLSI.:: Yl::S=l ｬｾＰ］Ｒ＠ I 
REAL>* I IA 
If( lA. BU.l )Glff040 
50 S'.L'OP 
i;(JD 
200 
Data algorithm for data acquisition system. 
1 ｆＮｾｅｴﾷＱ＠ II ｾＺＺ［ｕｂｉｾｾｏｕｔ＠ I ｴﾷｾｅ＠ TO GET DliTA FF.:Ctl'•1 I ｉ ﾷﾷ ｾｔｅｆＮＺｆｦ］ｉｃＺｅ＠ II 
2 F'F.: I r··4T .. ::--r Ｎｾ＠
:::: FR I I···IT "CELL ｐｆＮＺｅｾ］［ＡＺ［［ｵｆＮＺｅ＠ .. :: ｐｆＮｾ＠ 1 t··IT "A::-:; I AL. ｐｆＺＺｅｾＳｾＺＺ［ｵｆＮｾｅＢ＠ :: PP I J·rr" o J ｾ］［ｆＧｌｦｴｃｅｴﾷＱｅｈｔ＠ II 
4 F'F.: I HT II [I I ｓｐｌａｃｅＺｴﾷＱｅｴﾷｾｔＲ＠
5 ｐｆＮｾ＠ I HT II LCIIiD CELL II Ｚｐｉｾ＠ H··IT II ｾｉｉＮＺＺ＠
8 FORI=1T010STEP2 
1 121 OPEt·H ... 9 .• I -1 
ＲｾＳ＠ GET# 1 , .J:f: .• t<$ 
25 REM EXTRACT VALUE AND SIGN 
30 K=ASC(K$)-224 
40 ｉｆｋ＼Ｐｔｈｅｎｄ］ＨｋＫＳＲＩｾＭＱ＠
50 I ｆｾｾ＾］Ｐｔｈｅｴﾷｾｄ］ｾＺＺＺ＠
55 REM MOST SIGNIFICANT BYTE 
ＶｾＳ＠ D=D*256 
65 REM LIST SIGNIFICANT BYTE 
70 IF.J$=" "THEt·LT=0 :GOT090 
Ea3 .J=ASCCJ$) 
90 IFK<0THENJ=J*-1 
95 REM J+D CONTAINS OUTPUT 
97 ｉｆｉ］ＱＰｒＳｔｈｅｎｘ］ｉｎｔ＼ｘｾＴＩ＠
1 ｾＳＰ＠ PR r HT II ｾ Ｎ ｭｾｩＡｬｬＮｄｉＡＡｬｾＡ Ｎ ｬｴＮＡ Ｎ ｭＡＡＮｉｾｈｊｾｉｌｈｬＡＡｊｉｊｉＡＮｉｦｩｩｊＮＡｊｉｄＮｅｾｊＡｮＡＡＮｉｍＡＡｉＡＮｉＡｊ＠
10;2 CLOSE1 
105 t·4E:N:T I 
11 ｾＳ＠ ｐｆｾ＠ I ｴﾷｾｔ＠ II 1;3'' ; 
115 GOT0:3 
READ 1r 1 .. 
201 
. '. ｾ＠ -·· 
APPENDIX B 
SUMMARY OF SCREW PLATE TEST RESULTS 
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SUMMARY OF STRESS PATH TEST RESULTS 
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